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PRESSURE AND HEAT-FLUX RESULTS FROM THE 
SPACE SHUTTLE/EXTERNAL FUEL TANK INTERACTION 
TEST AT MACH NUMBERS 16 AND 19 (FHIO) 

By 

E, B. Brewer, NASA/MSFC 
D. R. Habermaii, ARO, Inc, 

ABSTRACT 

Heat transfer rates and pressures were measured on a 0.0175-scale 
model of the Space Shuttle External Tank (ET) , model MCR0200. Tests 
were conducted with the KT model separately and while mated with a 
0.0175-scale model of the orbiter, model 21-OT (Grumman). The tests were 
conducted in the AKDC-VKF Hypervelocity Wind Tunnel (F) at Mach numbers 
16 and 19. The primary data consisted of the interaction heating rates 
experienced by the ET while mated with the orbiter in the flight configu- 
ration. Data were taken for a range of Reynolds numbers from 0.05 x 10^ 
tt to 0.65 X 10 ft under laminar flow conditions. 
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NOMENCLATURE 


Symbol 
Hp, HO 

»W 

L, MODEL LENGTH 
M-INF, Moo 

P, PRESSURE, p 
p-inf, p^. 

PO. 

POP> Po 

Q, q 

Q-INF, q 

oo 

QO. Q-O, q^, Qo 

RHO-INF, p 
RE/FT, Re/ft 


ST-0 
t, TIME 
T-INF, T 
TO, To 
Ts 

U-INF, U 

OO 

X 


Definition 

Test gas stagnation enthalpy, Btu/lbm 

Test gas enthalpy at model wall temperature (540°R), 
Btu/lbm 

Length of external tank model, blunt-ogive-cylinder , in. 

Free-stream Mach number 

Measured pressure, psia 

Free-stream pressure, psia 

Measured arc chamber pressure, psia 

Measured Pitot pressure, psia 

Measured heat-trarisfer rate, Btu/ft^-sec 

Free-stream dynamic pressure, psia 

Stagnation heat-transfer rate to a 0. 5-in. -radius 
hemisphere, Btu/ft^-sec 

Free-stream density, Ibm/ft^ 

Free-stream unit Reynolds number, ft~^ 

Model blunt nose radius, 0.288 in. 

Surface distance along model from zero incidence 
stagnation point, in. 

Stanton number based on q^, q^^/p^ U„(H^j - H„) 

Test, section time, msec 

Free-stream temperature, deg R or deg K 

Stagnation temperature, deg R 

Theoretical saturation temperature of nitrogen, deg K 
Free-stream velocity, ft/sec 

Longitudinal distance along model axis measured from 
blunt nose stagnation point, in. 
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Symbol 
a, ALPHA 

<P 


I 


NOMENCLATURE (Concluded) 


Definition 

Sector angle of attack, deg 

Sector angle of roll, deg 

Gage location around ET model, deg 

Roll orientation of ET model relative to 'the orbiter 
model, deg (((>'= 0 corresponds to the heat-trahsfer- 
rate gages being directly beneath the orbiter.) 
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INTRODUCTION 


The primary purpose of the test was to obtain interaction heating 
rates experienced by the Space Shuttle External Tank (ET) while mated 
with the Space Shuttle orbiter over a wide range of Reynolds numbers 
under laminar flow conditions* Tests were conducted both with and with- 
out the orbiter model mated in order to isolate the interaction heating 
effects. Both gage data and themographic phosphor paint data were taken 
to determine the location of the orbiter bow shock impingement on the ET* 
A lesser amount of pressure data was taken under the same conditions 
along with Schlieren coverage at both = 16 and = 19. 

TEST FACILITY DESCRIPTION 

The Hypervelocity Wind Tunnel (F) at the Arnold Engineering Develop- 
ment Center, Fig. 1, is an arc-driven wind tunnel of the hotshot type 
(Refs. 1 and 2) and capable of providing Mach numbers from about 7.5 to 
20 over a Reynolds number (per foot) range from 0.05 x 10^ to 70 x 10^. 
Test sections of 108 in. diameter = 10 to 17), Figs. 2 and 3, are 
available using a 4-deg. half— angle conical nozzle. The range of Mach 
numbers at a particular test station in the conical nozzle is obtained 
by using various throat diameters. The Moo ^ 8 contoured nozzle has a 
25“in. exit diameter which connects to the 54-in. diameter test station 
and provides a free- jet exhaust, as illustrated in Figure 2. The 
test gas can be either air or nitrogen. The test gas is confined in 
either a 1.0— cu. ft, a 2.5-cu— ft or a 4.0-cu-ft arc chamber where it is 
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heated and compressed by an electric arc discharge. The increase in 
pressure results in a diaphragm rupture with the subsequent flow ex- 
pansion through the nozzle. Test times are typically from 50 to 200 msec. 
Shadowgraph and Schlieren coverage are available at both test sections. 

This test was conducted in the 108-in-diameter test section of the 
conical nozzle for = 16 and 19. Nitrogen was the test gas. The 
2.5-ft arc chamber was used, and useful test times up to approximately 
40 and 60 msec were obtained for the = 16 and = 19 conditions, 
respectively. Because of the relatively short test times, the model wall 
temperature remained essentially invariant from the initial value of 
approximately 540®R. Figure 4 presents typical analog data traces and 
the reduced digital data tunnel conditions for = 16. 

MODEL DESCRIPTION AND TUNNEL INSTALLATION 

The model tested consisted of a 0.0175-scale stainless steel ET 
and an orbiter model made of material G, Fig. 5. The orbiter model 
tested was model 21— OT (Grumman Drawing SS— H-00550) and was fabricated 
by Grumman Corporation, Bethpage, N.Y. The ET model was built along 
the lines of MCR0200 (MSFC Drawing 80M51329) and was fabricated by 
MSFC, Huntsville, Alabama- 

All of the heat- transfer-rate instrumentation was located on one 
side of the ET model, while all of the pressure instrumentation was 
located at 180 deg. on the opposite side. Due to the symmetry of the 
ET model, it was possible to obtain both pressure and heat-transfer 
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data with the same ET model by rolling it 180 deg. with respect to the 
orbiter. Using this procedure, either the pressure or the heat-flux 
gages could be located adjacent to the orbiter to obtain the type of 
interaction data desired. The tunnels (three scaled fuel lines) could 
be positioned on either side of the ET. 

The ET model was mounted on tunnel centerline with the nose of the 
tank located at station 763, Fig. 3. To test the mated configuration, 
the orbiter model was mounted above the ET model by means of a secondary 
sting secured to the main ET sting downstream from the test section. 
Photographs showing tunnel installation are shown in Figs. 9 and 10. A 
scaled nose tie-down used to position and secure the orbiter nose to the 
ET was used on all mated tests except one (run 4647). All model instru- 
mentation was located on the ET while the orbiter model served as a 
shock generator. Besides the ET and the orbiter model, three scaled 
fuel lines (tunnels) were located on the tank surface to closely simulat 
the flight vehicle- These tunnels were removed on three runs to deter- 
mine their effect on the heating rates. 

After the first tank only^^ run, run 4646, all runs except for the 
last two were made with the models rolled 37.5 deg. This was necessary 
to permit a good view of the area of interest during the phosphor paint 
runs. Three cameras were used to take phosphor paint data. Two of thes( 
(an 80- and a 150-irati Hasselblad camera) were mounted in the center top 
45-deg. port. Fig. 3, and one (a 150-mm Hasselblad camera) was mounted 
on a tripod beside the tunnel to obtain a side view through the 
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Schlieren window. Ultraviolet light sources were placed in the 45-deg. 
top , front , and aft ports. The phosphor paint data and procedure are 
discussed in a later section. The last two runs (4655 and 4656) were 
made with the model rolled back to 4>g = 0 deg. to enable Schlieren 
coverage (see figures 11 through 14). 

DATA RETRIEVAL 

The test section Pitot pressure, stagnation heat-transfer rate, 
and arc chamber pressure were monitored to determine tunnel flow 
conditions. The Pitot pressures were measured with 15-psid strain-gage 
pressure transducers calibrated at the specific pressure level occurring 
during each test condition. The stagnation heat-transfer rates Were 
inferred from measurements made on the cylindrical section (shoulder) of 
3 l~in. -diameter hemisphere— cylinder probe. Two such heat-transfer-rate 
probes were used for this purpose, each probe instrumented with two 
shoulder gages located on opposite sides of the probe. Two types of 
gages were used for these shoulder measurements, a 10-mil-resistance 
thermometer slug calorimeter and a coaxial surface thermocouple. Two 
separate arc chamber reservoir pressures were measured using strain— gage 
transducers, each having a full-scale calibrated range of 30,000 psla. 

^^fby-five separate heat-transfer-rate measurements and 20 pressure 
measurements were made on the ET surface, as illustrated in Fig. 6. Of 
the fifty-five heat-transfer-rate gage locations, fifty-one were instru- 
mented with 10-rail-resistance thermometer slug calorimeters (RTG) while 
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the four forward locations (Ql, Q2, Q3, and Q5) were instrumented with 
coaxial (co-ax) surf ace-thermocouple gages. The RTG is a calorimeter- 
type device utilizing a platinum thin— film resistance thermometer as the 
temperature sensor and thus is not a self— generating device. Therefore, 
the transducer operates as the active leg in a Wheatstone bridge circuit. 
Transducer calibrations performed in the laboratory are transferred to 
test areas. The calibration procedures include the application of a 
known and constant heat flux to the sensing surface of the transducer 
and determining its time resolved output, A precision shunt resistance 
technique is employed to transfer RTG calibrations from the laboratory 
to the test areas. 

The higher heat-transfer rates near the nose of the model were 
measured with the coaxial surface-thermocouple gage because of its 
higher measuring range, 3 to 300 Btu/ft^-sec. The co-ax gage is com- 

electrically insulated chromel wire enclosed in a cylindri- 
cal constantan jacket. A thin-film junction is made between the chromel 
and constantan at the surface. In practical measurement applications, 
the co-ax gage behaves as a homogeneous, one-dimensional, semi-infinite 
solid. The Instrument measurement provides an electromotive force 
(E.M.F.) directly proportional to surface temperature which may be 
related by theory to incident heat flux. 

Nineteen of the model surface pressure measurements (excluding PI) 
were made using either a variable— reluctance pressure transducer with a 
range of 0 to 0.1 psid or a strain-gage pressure transducer with a 
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design range of 0*01 to 1 psid. For six of the eleven runs made, a 
pressure transducer was mounted in the nose of the ET in place of the 
stagnation heat transfer gage Ql* A strain-gage pressure transducer 
with a design range of 0.2 to 30 psid was used for PI. 

A general description of Tunnel F instrumentation is given in Refs. 

3 and 4. 

The thermographic phosphor paint technique (Refs. 2 and 5) works on 
the principle of phosphorescences which is the emission of luminescent 
light. The process is temperature-dependent. When the phosphor paint 
is excited with long-wave ultraviolet light, it emits a yellow-green 
light of a given brightness level. As the paint temperature increases, 
the brightness of the epitted light decreases. Therefore, by measuring 
the paint brightness, it is possible to obtain thermal contour distri- 
butions of a model to which the paint is applied. 

Phosphor paint contour distributions are used in conjunction with 
heat gages to obtain thermal maps. 

The paint data consist of a ’^tare" photograph taken prior to the 
run at room temperature to record the initial paint brightness level. 

Then at some desirable time in the run, another photograph is taken to 
record the run brightness level. The photographs record paint brightness 
in terms of film optical density; i.e., the brighter a region is on the 
model, the denser, or darker, it will appear on the negative. 

The phosphor paint data are reduced by reading the change in 
optical density from tare to run, over the model surface, and converting 
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this into a color photograph contour map. The color contours were then 
related to model heat flux through the gage measurements of the heat- 
transfer rates. The Data Color System 703-32^ manufactured by Spatial 
Data Systems, Goleta, California, was used to reduce the photographic 
data. Basically, the Data Color System is a closed-circuit television 
network consisting of a camera and a color monitor console. The camera 
reads the film optical density (i.e., paint brightness). The continuous 
camera signal is then broken into a preselected number of color steps 
(32 maximum) and the results are displayed on the monitor. The monitor 
is then photographed to record the color contour mapping of the model 
heating distribution. 

For this test, 8 color steps were used to depict the heating 
distribution recorded by the 150-ram camera. 

To establish the validity of the phosphor paint data to be taken, 
pictures were taken on runs 4650 and 4651 with a high-temperature paint 
(No. 3003). From these pictures it was determined that shock glow 
would prevent getting any useful data at 19, but useful data could 

be obtained at the = 16 condition. Of the two - 16 runs which 
followed (runs 4652 and 4653), paint (No. 1807) data were obtained on 
the high Reynolds number run (4452). Figure 15 shows the paint test 
results. The heating rates at the low Reynolds number condition were 
too low for the sensitivity of the paint (No. 1807). 

Since phosphor paint data were a secondary effort, the time in- 
volved in preparing a model with paint prevented the acquisition of 
paint data on more than one run. 
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DATA ACCURACY 


The determination of the f ree-stream and reservoir conditions is 
based on the measured monitor values p^, and according to the 
method of Ref. 6. The uncertainties of p^ (average of two values), 

Pq (average of two values), and (average of four values) are + 4, + 5, 
and + 5 percent, respectively. These uncertainties are based primarily 
on calibration linearity and accuracy, system acquisition accuracy, and 
uncertainties associated with testing under dynamic conditions and are 
defined using the Taylor series method of error analysis. These un- 
certainties are then propagated through the appropriate equations by the 
Taylor series method of error propagation to yield the following un- 
certainties in tunnel conditions: 


Parameter 

Percent 

Uncertainty 


+ 

1.5 

Re/ ft 

+ 

10.0 

T 

CO 

+ 

6.0 

P 

+ 

6.0 

CO 



To 

+ 

4.0 

Ho 

+ 

5.0 



4.0 


The uncertainties in the absolute values of model pressures and 
heat-transfer rates are + 5 and + 9 percent, respectively, for normal 
operatxon within the gages optimum range. A tabulation of the model 
data uncertainties follows: 
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Parameter 


P 

q 



P/Po ± ^ 

q/qo ±10 

The data uncertainty in the color mappings from the thermographic 
mapping technique is estimated as + 0.010 in q/qQ based on the q/^ 
versus color plots. The uncertainty is undefined for q/^Q values quoted 
above 0.10 because of the extrapolation outside the calibrated range of 


the colors. 


RESULTS 


Tabulated data for each run are listed in the Appendix. Each run 
includes the model data taken on that run in two different forms; i.e., 
p/Po> Several different time points are listed for each 

run to give the widest Reynolds number range possible for that run. 

Flow conditions at the test section are listed for each time point. On 
any one run the maximum number of model gages that could be recorded was 
sixty. Since the total model pressure and heat-transfer Instrumentation 
exceeded this number, only sixty orfewerof the total model instrumen- 
tation locations are included for any run. The orientation of the 
pressure gages during any of the first nine runs should be noted. During 
these runs, the pressure gages were located on the bottom of the tank 
away from the orbiter and do not reflect the shock interaction effects. 
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This also holds true for the heat-transfer data taken on the last two 
runs when the heat-transfer gages were rolled to the bottom of the tank 
with respect to the orbiter. 

Due to the fact that the primary purpose of the test was to obtain 
interaction heat-transfer data while the ET was mated with the orbiter, 
Schlieren coverage was sacrificed on the first 9 runs (4646-4654) to 
obtain an additional view through the side Schlieren window to obtain 
thermographic phosphor paint data. 

Schlieren stills for runs 4655 and 4656 are shown in figures 11 
through 14. Thermographic phosphor paint data results are shown in 
figure 15. 

Figures 7 and 8 include X/L plots of the top row of gages for each 
of the eleven runs. The first nine runs (4646 through 4654) were pri- 
marily heat-transfer runs and are represented by q/q^ vs. X/L plots in 
Fig* 7* The last two runs (4655 and 4656) were pressure runs and are 
represented by p/p^ vs. X/L plots in Fig. 8. 
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FIGURE 9. ORBITER AND EXTERNAL TANK MATED - SIDE VIEW OF TUNNEL INSTALLATION 






FIGURE 10. ORBITER AND EXTERNAL TANK MATED - 3/4 VIEW OF TUNNEL INSTALLATION 
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FIGURE 11. RUN 4655 (TARE) 


FIGURE 12. RUN 4655 Schlieren at = 19, 0.070 x 10^ < Re/ft < 0.079 x 10^ 




FIGURE 13. 
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RUN 4656 (TARE) 
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TABLE !• TEST CONDITIONS 


Run 

No. 

Model 

Configuration 

. OQ 

“Re/ft X 10 ^ 

Optical 

Data 

a, deg 

*t>s» 

<t>', deg 

4646 

ET only 
No tunnels 

19 

0.1 

None 

0 

0.0 

r\ 

4647 

Mated 
No tunnels 
No tie down 

19 

0.1 

None 

0 

37.5 

0 

4648 

ET only 
No tunnels 

16 

0.3 

None 

0 

37.5 

0 

4649 

ET only 
With tunnels 

19 

0.1 

None 

0 

37.5 

0 

^ 4650 

Mated 

16 

0.3 

Paint Tare* 

0 

37.5 

0 


With tunnels 
With tie down 


4651 

19 

0.1 

Paint Tare* 

0 

37.5 

0 

4652 

16 

0.6 

Paint Data 

0 

37.5 

0 

4653 

16 

0.3 

None 

0 

37.5 

0 

4654 

19 

0.25 

None 

0 

37.5 

0 

4655 

19 

0.1 

Schlieren Stills 

0 

0.0 

180 

4656 1 

' 16 

0.3 

Schlieren Stills 

0 

0.0 

180 

*A thermographic phosphor paint tare photograph wa 
obtaining paint data at these run conditions* 

Run 4647 was the only mated run on which the tie 

.3 taken on these runs 
down was not used. 

to determine 

the po 

ssibiliity o 



TABLE H. GAGE LOCATION 



B-& 



ZiAR Vf£v/ 


NOTE: ALL DIMENSIONS IN INCHES AND DEGREES 


GAGE 


Heat 

Pressure 

X (in, 

Ql 

PI 

0 

Q2 


1.0 

Q3 


2.0 


P4 

3.0 

Q5 


4.0 


P6 

5.0 

Q7 


6.0 

Q8 

P8 

8.02 

Q9 


9.02 

QIO 

PIO 

10.02 

Qll 


11.02 

Q12 

P12 

11.36 

Q13 

P13 

11.70 

Q14 

P14 

12.05 

Q15 

P15 

12.39 

Q16 

P16 

12.74 

Q17 

P17 

13.08 

Q18 

P18 

14.08 

Q19 

P19 

15.08 

Q20 

P20 

16.08 

Q21 

P21 

18.08 

Q22 

P22 

20.08 

Q23 


22.08 

Q24 


24.08 

Q25 


26.08 

Q26 

P26 

28.08 

Q28 


11.19 

Q29 


11.53 


X/L 

s(in. ) 

s/rn 

0 

0 

0 

0.0306 

1.3968 

4.85' 

0.0613 

2.551 

8.86 

0.0919 

3.687 

12.80 

0.1226 

4.750 

16.49 

0.1532 

5.850 

20.31 

0.1838 

6.821 

23.68 

0.2456 

8.887 

30.86 

0.2763 

9.887 

34.33 

0.3069 

10.887 

37.80 

0.3375 

11.887 

41.27 

0.3481 

12.227 

42.45 

0.3586 

12.567 

43.64 

0.3691 

12.917 

44.85 

0.3797 

13.257 

46.03 

0.3902 

13.607 

47.25 

0.4007 

13.947 

48.43 

0.4314 

14.947 

51.90 

0.4620 

15.947 

55.37 

0.4926 

16.947 

58.84 

0.5539 

18.947 

65.79 

0.615 

20.947 

72.73 

0.677 

22.947 

79.68 

0.738 

24.947 

86.62 

0.799 

26.947 

93.57 

0.860 

28.947 

100.51 

0.343 

12.057 

41.86 

0.353 

12.697 

43.05 


(J)* (deg) 


0 

0 


t 

0 

7 

7 
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TA15LE II. GAGE LOCATION (Continued) 


GAGE 


Heat 

Pressure 

iL 

(in. ) 


X/L 

s 

,<in, ) 

s/ 


(f)* (deg) 

Q30 


11 

.88 

0 

.364 

12 

.747 

44 

.26 

7 

Q31 


12 

.22 

0 

.374 

13 

.087 

45 

.44 

7 

Q32 


12 

.56 

0 

.385 

13 

.427 

46 

.62 

7 

Q33 


12 

.91 

0 

.395 

13 

.777 

47 

.84 

7 

Q34 


10 

.33 

0 

.317 

11 

.197 

38 

.88 

-43 

Q35 


10 

.67 

0 

.327 

11 

.537 

40 

.06 

-43 

Q36 


11 

.02 

0 

.338 

11 

.887 

41 

.27 

-43 

Q37 


11 

.36 

0, 

.348 

12, 

.111 

42 

.45 

-36 

Q38 


11 

.36 

0, 

.348 

12 

.227 

42 

.45 

-26 

Q39 


13 

.25 

0. 

.406 

14, 

.117 

49 

.02 

-36 

Q40 










-26 

Q41 










10 

Q42 










20 

Q43 










30 

Q44 










40 

Q45 




i 






50 

Q46 




1 





60 

Q47 


20. 

.08 

0. 

. 615 

20. 

,947 

72, 

.73 

-36 

Q48 









f 

-26 

Q49 









1 

-10 

Q50 










10 

Q51 










30 

Q52 










40 

Q53 










50 

Q54 










60 

Q55 










70 

Q56 










80 

Q57 










90 

Q58 




i 

f 

\ 




100 


P15A 

12. 

,56 

0. 

3848 

13. 

427 

46. 

.62 

0 


P16A 

12. 

91 

0. 

3956 

13. 

in 

47. 

.84 

0 


P17A 

13. 

25 

0. 

406 

14. 

117 

49. 

02 

0 


*Pressure gages were located on the opposite side of the tank from the 
heat-transfer-rate gages. On the pressure runs (Runs 4655 and 4656) the 
tank was rolled 180 deg. putting the ET at (j) = 180 deg. On the heat- 
transfer-rate runs (Runs 4646-4654) the ET model was located at <t> = 0 deg. 
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APPENDIX 

TABULATED SOURCE DATA 
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REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 
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A£nc iNCw A«^CL^ afs» 37339 

VON GaS LVNAHICS FACIUTY ... 

MTPtrtVELncnr wiMj tunnel f 

NaSa C»bITEP/TA^t^ HEaTIng TtST ’ VA291-2IFA JANUARY 197A PROJECT ENGINEER DoR* HaHERHAN 


«UN 4A46 



TESrcCNClUONS 

ALP*^a a 0 

Ph1^= 0 

TTvE ' P-lNp- RhO-THE 'T-tNF U-TnF’ m-INE 0-INF Rc/FT PO 

><S?C P SlA L^>»/FT3 UFr. R_?J/SEC PSIA , .. KiO-6. _P51A 


u-o> ST-a BASED ON ♦sao INCH Radius 
model length » 3?*63Q 


TO hO 00 - 8TU/ ST-0 Pop 

„.0EG-R..^ dTU/LtiW Ll2rSEC dSlA- 


96 

.CC056C 

2*26E-/>5 

64.7 

79P9 

19.93 

.156 

- 12 0 

355S 

4539 

lo29lE 

03 

33.41 

loo 

.000509 

2.25E-r5 

SQ.l 

T7S3 

?o.a3 

• lA* 

• ns 

JAS2 

4292 

1-215E 

03 

29.84 

.1 p* . 


. 2.44E-05 .. 


7492.. 

. EO.,29.. 


. ms 

3aA3 . 

. 4023. 

, I.U2E. 

03. . 

. - ZJ.62 


• 159R ..*2«9 

•1582 .271 

aSlS *276 


PPESSURe' CATi 


■PPESSUPE CaTA (P5lA> 


Tl*-E 

Pe 

P 0 ■ 

PU 

R 20 

PI 

96 

.0175 

.0066 

• 0050 

.0041 

.....31S4 

166 

.0155’ 

.COM 

• 004^ 

.0037 

.2939 

104 

.0156 

*0060 

.0043 

.0038 

.2943 


PRESSURE OaTa IPPESSUflE / hOpJ 


live 

P 6 

P 6 

P14 

P20 

PI 

96 

.06C7 

,0227 

.0171 

ptiUl 

1.0900 

100 

♦ 0570 

.0226 

.0169 

.0136 

1.0840 

104 

.0570 

.0219 

• 015U 

.0140 

1.0747 


1 


Run A646 



NaSa Ofte ITCf^/faKK heating Te$T 


AEOC (ArtOt INC.J ahnClC AFS, TEnN. 373^^ 

VON GAb.Cy^A'-ICS .FACJUU 

HtPEHVCLOCnv WINO tunnel F 


VA29l*2lFA 


UANUARY 1974 


PROJECT engineer O.R* HA8ERHAN 


run 4646 


.MCAT-TKANSFER data 


heat-transfer rate (eTU/fT2-$EC) 


ti>-e 





06 

Q9 . 

010.. 

on 

012. 

013 

014 

OiS_ 

Q]7 

96 





.5747 

« 49aS 

^4544 

.39*T 

.3909 

.4043 

.3976 

.3943 

,3*75 

1 0 0 





.5127 

.4456 

. . .4017 

.3523 

.3527 

♦ 3612 

.3433 

.3463 

- .3164 

104 





.4751 

.4171 

.3895 

.3287 

.3232 

.3356 

.3177 

. 3232 

.2983 


■ ' Ql9 

O?0 

U21 

'-22 

02 3 

Q?4 

026 


U29 

Q30 

031 

' '032 

033 

96 


*3007 


-♦2807. 

• 2606 

..2473. 

• 2043. 


• 40-L0 

• 334 1 

. “l** A -J 

. 1 c 


100 

.29U 

.2753 

.2’5A6 

• 2567 

.2366 

.224? 

.2009 


.3672 

• 2701 

J 1 C 

.3373 

.3304 

• 3293 

10* 


.... .2569 .... 

• 2293 . .. 

•?4P8. 

.. .2347 

.2155 

. .1851 .. 

.... 

.348Q ■ 

.2845 

.3149 

.3121 

.3121 

TihE 

^34 

035 

U36 

017 


039 

040 . ... 

041 

042 

.... 043 . 

.... .044 . 

Q4S.. 

Q46 _ 

96 

*3341 

*4377' 

.^243 

.■♦377 

.4143 

• 3«76 

.2473 

.3156 

.3222 

.3442 

.3)74 

' .3158 

.3256 

i00_ 

_*2955 

.3«ei 

.3683 

• 3-?e6 

.3672 

-.3453 

,2179 

^3075 

• 3062- 

• 3135 

.2866 

? A6 « 


1C4 

.2663 

*3749 

• 3691 

*1646 

• 3398 

.3177 

.1989 

.3049 

.2762 

.2969 

*** *~ . C OPO • 

.2693 

. 

.2679 

• 2762 

TIP'S 

047 

QaE 

U49 

090 

051 

' 052 ‘ 

053 

055 

U56 

057 





J »a.472 


*^ 27 ^ 

• 2047 
-^1924- 




A£nc (AROt INC-I AHNCLC Af$, 173-^9 

. _ „ * VOsv GAS CYNAiMCS PflClLITT 

HTPEt^VELncli Y -^Ino TUNV^l f 

NASA ^^^dIT£P/TA^K HfATlNf, T£ST VA?91*2irA JANUARY 1<»74 PRQjECl ENGINEER U.R. HAflERMAN 

RUK 464 G 


HEAT TRANSFER CATA CO / 00) 


T1».E_ 

96 

lOO 

I3A 

‘ time Ql9 020 0?i 

96 ,0096 ^ ,0050 «00«3 

lo6 ,0097 ,0052 o00«7 

1.5^ ..•0102 . o0o93 . *0083 

TlHE Q36 035 U36 

56 ,0100 .01 31 . 01:^7 

100, ,go99 d0130 _ .0123 

106 ,0097 ,0136 .0132 

0 a 7 0 <ie ^49 

9,6 *00*^5 fOOOS . *00ff0 

loo ,0087 .0067 .OOPl 

. L09 »0J)BJ5. *a0!^ A 0064. . 


HEAT-InAKSFER f)ATA 



08 

Q9 

OlO 

Oil 


.0172 

.0140 

.0136 

• 011=; 


• 0172 

.0149 

.0135 

• 0118 


.0172 

oOI5l 

.0141 

• 0119 

•^22 

023 

0?4 

026 


o0064 

*00 70 . 

• 00 74 

.0061 


o0086 

• 0080 

• 0075 

• 0067 


• 0090 

.. *0005 

.0078 

• 0067 


037 

03Q 

Q39 

040 

Q41 

• 0131 

.0124 

• 0116 

• 0074 

.0094 

• 0130 

... •0123_. 

• 0114 

• 0073 

• 0103 

• 0132 

• 0123 

• 0115 

• 0072 

• 0110 


Q51 

052 

QS3 

Q55 

• 0065 

• 007S 

• 0075 

• 0073 

• 0070 

• 0060 

• 0075 

• 0076 

• 0074 

• 0070 

♦ 0069 

•0072„, 

- 0 0078 - 

• 0076 

• 0072 


U12 

013 

01^ 

•315 

Q17 

.0117 

• 0121 

.0)16 

*0115 

• 0104 

• Olid 

.0121 

.0115 

• 0116 

• 0106 

• 0117 

• 0121 

.0115 

• QU7 

• 0108 

U29 

030 

03! 

Q32 

033 

*0120 

• 0100 

.0112 

•alio 

,0109^ 

• 0123 

• 0090 

.0113 

• Oil! 

oOUO 

• 0126 

• 0103 

.0114 

• 0113 

• OIU 

U42 

043 

046 

Q45 

Q46 

• 0096 

*0103 

.00*5 

• &095 

.0097 

• 0103 

oOlOS 

.00*6 

•0095- 

•0099- 

*0100 

• 0107 

.0007 

• 0097 

• 0100 

□56 
• 00&8 
,0069 
»0070 

057 

• 0072 

• 0074 

• 0075 
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RUN 4666 



REPRODUCIBILITY OF THE 

original page is poor 


tARO* l^C*) ahnCl^' afS# TE^^^• ?7389 

VOn barman QAi> CY^A>“IC5 FACILITY 

HYPtHvfLOcnt Tunnel f 

NASA 'CRdlTER/TAKK HEATlNr, TEST VA2Rl«2lFA JANUARY 1^74 PHpjECT ENGINEER O.H. HABERHAN 

RON 


TEST CCnCITJONS 


O-0» ST-0 BASED ON *500 INCH RADIUS 

HOOEL length = 32.638 


"TtpE 

P-lNf ■ 


T-TNF 

u*"tNr 

M-InT ■ 0 -lNF 

RE/FT 

■ PO 

TO 

HO 

■ 00 - 8 Tu/ 

ST -0 

POP 

kSEC 

^I a 




pSlA.. 

P 51 A._ 

_Q£g H- 

-blU/LdH - 

,„,EJ 2 -SEC 

— 

„RSIA 

78 

. 000796 

I. 97 t-f '5 

104.4 

9 S 9 X 

18.83 .195 

.067 

4183 

6343 

1 . 863 E 03 

59.33 .. . 

• 1818 

.364 

«;o 

0^0679 

■] . 74 E-ftS 

10?. 1 

9 a 95 

19.25 .176 

• 06 ? 

4 ?S 7 

64 A 8 

1 . 902 E 03 

57.79 

.1939 

.328 

98 

•OOC 67 ?_ 

). 67 E-f »5 

105.*3 . 

9763 

19.08 .171 

•oeo 

4027 . 

6577 

I.V 29 E 03 

57.98 - . 

. .1983 

-.320 

112 

. 000597 * 

*'l. 4 Q£-fi 5 

104.7 

«S 07 

19.22 .154 

#054 

3795 

6635 

li 947 £ 03 

55.61 

.2101 

.286 

126 

. 000*17 

1 . 46 E^ 0 S 

97.6 

9 * 1 * 

.139 

• 0 S 9 35 T 6 

U 41 - 

■.li 793 £ - 01 - 

AZmBZ 

_*il 03 — 

— 




_ ^ ^ far — 
















PRESSURE 

DATA 







■ ■■■'PBeSSUOE OaTa (PSIA) 


— ri*^C‘ 

F-fc 

p8 

pi'o 

HU 

78 

.P2?3 

.0079 


.0058 

90 

.n3l2 

.0073 

• 0064 

.0053 

98 

.Cl98 

. . .0070 . 

.. .0063 ... 

..uOS2 

112 

.OlRO 

• 0062 

• 0056 

#0046 

L2JL 

4i.lS.6_ 

..C.05S_ 

_.Q05tt 

,#.11041 


P2o‘‘ PI 

.004? .4402 
.003R .4021 
.0038 . .3900 
.0034 .3476 
^0029 .3041. 


PRESSURE OaTa (PRESSURE / HOP) 


TlHE 

Pfc 

P8 PIO Pl4 

P20 

PI 

78 

«^6a 0 

.0217 .0191 .0160 

• 0116 

1.2100 

90 

f 

__. 022 J tDL9<i ^• 0162 . 

•flll9._ 

_1.2243 

98 

.0621 

•0218 .0196 .0164 

• 0120 

1.2200 


112 ..„»0.624.„_ ,0216 ...OUT , U2072 


126 ".oioi ’ .0211 .0192 .ol5? .0110 1.1750 



* 

r 


4 


run 46*7 


NASA CftaiTER/TAKK ntul T^;ST 


AEDC (AOO, ^^C•l 4»<^sCLr AFS» TENN* 17389 
vOn KArtHAh: GAb CTNA^ICS FACILITY 

^ypehyelocitt iiNL> tunnel F 


VA291-21F A 


JANUARY 1974 


huN ^ ^ 7 


PHOjFCT engineer 0.». HARERHAN 


heat^tkaksff^^ data 


>-eat*tranSfer Rate (eTu/FT2-ss*c) 

Tl>^E 

7ft 

■ 98 

112 

12b 


TT“C* 
7ft 
90 ■ 
9ft 
112 

TI^E 

7d 

90 

98 

_U2. 

126 

•^TkC 

78 

90 

96 


112 

1Z6. 


.••?=^37 

1.1765 
1 .2lft(J 

C73 
.7*^37 
.^135 . 

,'^222 

C A 6 

• tA79 
.6357 

♦ 6312 
♦^451. 


CIE “ 
3-4719 
3.21Z2 
3-0121 


U34 

-7542 ' 

.7501 

.7770 

.75CH. 

.6550 

047 ■ 

.2^361 

2.0228 

1.8464 


'-?n 

6 

2Wr3 

?.o793 

*«♦«<> 

« o« »« 

.0>7l5 
.7^-2 . 
.7>»o6 
♦7fl9_ 
♦ b599 

u4R 

1.V361 

_JL.9549„ 

W7240 

1*^310 


l--72*5 . 

1-R701 

««»«» 
*»• »« 

;n6 

.7754 
- 754 1 
.7475 
.. - 7005 -_ 
.6329 


Uo 

.9943’ 

,9683 

1.0119 

-9566 

« Q tt-O O 

"■ u?? 

1.57J?3 
1.4737 
1.4496 
1-3069 
_it07s9 . 

037 

♦ 3317 
o3208 
.3236 

_.3068. 

♦ ?678 


OSO 

1.7560 1.8596 . 

1-6510 1-71P0 

„l*i>Qa4 1 .69 IS- 

1.4571 1.5071 

1*1907 1.2103 


.918? 

,9?36 

.9?92 

.8731 

.7SR3 

Q?3 

U3=^27 . 
U?510 
1-2 061 
1 .0455 
, .-8975 . 

Olfl 
.7711 
. o7687 

.7866 
. o7564- 

.6599 

«5l 

2.?165 

2-1^95 

-2.0505 

oo»oO 


QIO 

,8Q0b 

.8095 

.80 77 
.7786 
.6834 

Q?4 

1-CIB25 
.9652 
.8921 
.7619 
. -6221_ 

Q39 
.6675 
,6646 
..6?84 
. .6674 
,5930 

Q52 

1.9216 
1 -8391 
.8436 
1.6538 


.711^ 

.7355 

.7343 

,7063 

,6?T7 

<326 

. .4656 

♦ 3901 
.3508 
.2«13 

_ .2200 - 

Q40 

.6071 

.6117 

♦ 6228 
_ .6284 

.5867 

Q53 

1 .3346 
1.3119 
U3212 
1.2513 
1.0759 


ul2 

. 013 

014 .... 

015 

( 

.7215 

-7534 

.7834 

♦ 7533 

0 

♦ 6935 

,7455 

.7802 

.7542 


. 7093 

.7622 

, 79»5 

. 7757 

* 

.&729 

.7265 

. 7730 

.7621 

- ^ » 

.5802 

.6444 

,6695 

.6743 

0 


029 

OiD 

031 ■■" 



... .757 1 

-6C5C 

.7244 . 



♦ 7629 

.57 79 

♦ 6993 



. -7770 

-5»7 4o 

.719d - 

« 


♦ 750B 

,5395 

.7119 



—.♦6534 

.4543 -- 

,637a 



U4l 

042 

043 

04A 



♦ 5576 

.6606 

♦ 6223 

« 

1.3639 

.5779 

- .6500 

. .6277 - . 

• ■ 9 

1-4543 

.5B56 

-6683 

♦ 6405 

0 


__016.._.. 


•S32 

6146 

6357 

6668.. 

6776 

5834 - 

045. . 


. lablSo.. 
1-4121 

U55 

-631b 

• 60U 
^ -t>iia. 

.4q04 

♦ 3491 


-.5951- 

♦ 564 3 

056 

♦ 4345 
.4251 

. .4?27. - 

♦ 3928 

♦ 3972 


^♦6562-^ 

.5756 

057 
.3796 
- 3828 
-.♦3914. 
.3893 
• 3443 


.-,6229 rb340- 

♦ 5445 


.5629 


QS8 

♦ 3203 
.1290 

-♦339?^ 

.3365 

♦ ?965^. 
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run 46.7 



aEDC ANNClC aFS * T ^ nW . :^7309 

VpN K AKrtAN_<5A5_CtNAH ICS FAClLlll 

^ H^PeMVELOCny WIND TUf<N£L F 


MASA trRH^Efi/T■A^K heating TlST' 


VA 291 - 21 FA 


JANUARY 1974 


PROJECT ENGINEER " 0 * fl * HASERMAN 


RUN A 64 7 


^ EaT transfer tAlA <0 / QOI 



« i}*T 0 
• 04 SO . 
• *»«« 


*'>309 
• 0324 

, *0320 

«•••• 


U3S 

*ons 
.0115 
.0136 
.01*^7. 
♦ OllB 


036 

.0124 

*0130 

.0129 

. J 0126 

• 0132 


00 

".0169 

.0171.. 

.0172 

*.«•« 

" 022'“ 
.0266 . 
.0255 
.0250 
• 0235 
^• 0225 _ 

037 
.0056 
.0055 . 
.0056 
05)55. 
.0056 


09 

’.0155 
.0160 
1^ » ^ A 
A « 

. .0157 . 
.015<> 

■“djy— 

.0216 

,0700 

.0108 

_,0188_ 

030 

.0130 

.0133 

,0136 

_,0136 

.0138 


Q47 
.0360 
.0350 
. C352 

U4B 

. *0354. . 

.0315 
*033? 

0*9 
.0296 
• 0286 
.8276 

Q50 

.0314 .. 
-0296 

.0292 

OSl 

,.017* 

.0365 

_.035t 

■".Baa' 

• 031*0 

• 029.9. . 

♦ 0262 
...•0269.. 

.0271 

. .0253 

••••• 

••••• 


ER DATA 


010 

on 

0135 

.0123 

0140 . 

.0128 . .. 

0139 

.0127 

0140 ... 

.0127 .. 

.0143 

.0131 

024 ^ 

026 

,01S2.... 

,..0078 -* 

.0167 

.0067 

.0154 . 

, .0060 -- 

.0137 

• 0050 

,0130 

.^0046 

039 

040 

.0113 

.010? 

.0115 ... 

. .0106 

.0117 

.0107 

.0120 .0111 — 

.0124 

,0121 

052 

053 

.0324 

.|022S.— 

.0310 

.0227 


<^12_ 
.0122 
.. 0120 ,, 
.0122 
• 0121 . 
.0123 


• 0310 
.0297 


• i 0225 
. ^0225 


U4l 
.0207 
..0236 
.0251 
_^0272 _ 
.0295 

"USS ■ 

• 0106 

• 0104 
^0106,. 

.0072 

• 0073 


Ql3 

'^0127 
.M29 . 
.0131 
.0131 
.0135 

""029 
. .0128 - 
.0132 
,.0134 
.0135 
_*0l37^ 

042 
.0094 
. .0100 . 
.0101 
_.0l07- 
.0119 


_014,_,. 

.0132 

.0135 

.0130 

.*0139 

• 0140 

Q30~" 

• 0102 ^ 
.0100 
.0099 
.0097 

_^009S- 


„ 015 

\ol27 
. .0131 .. 

.0134 

,.0141 

.0141 

“^031 
..0122 
.0121 
.0124 - 
• oua 
-^0133- 


_Q16.„ 

.012^ 

- ouo . 

.0134 

-.0140. 

.0151 


Q32 

-.0104 - 
.0110 
. .0115 
• 0122 
--.012^- 


Q43 
.0108 
-.0112 
.0115 
— oiia - 
.0121 


056 

.0073 

• 0074 
_ .0073- 

• 0071 
,_«ooa3-- 


Q57 
■ «0064 
• 0066 
-.0068- 
• 0070 
•0072 


044 
.0105 
,..0109 ^ 
.0110 
—.0112 
.0114 

QS8 

...0054 - 
.0057 
_-. oosa - 
.0060 
-^•0062 


. 045_ 

• OUO 
-•OIU 
.0113 

.0116 


6 


RUN hLSl 



AEDC UWC* INC.} ArtNCtC AfS» TEnN„ 3738Sf 

VON KAWman Gas CYNAMIC5 ^ACIlITY . . 

Ht^EHVEL^Cny wlNO lUNNEL f 

NaSA CWyiTER/TAKK h£ATlNr, TtST VA2^1-21FA JANUARY 197A HROjtCT EnGIN£ER O^fi, HABERMAN 


RUN 4648 


— 

— 

— 





■ 

TEST CCNCUiONS" 








ALPHA - 

1) 








U-0* 

ST- 

0 based on 

*S00 INCH 

RADIUS - 


PH ^37. 

50 










♦^ODEL 

length 3 

32*636 

1 --TIwC 

■■ p-ur 

RHO-INF 

T-lNF • 

■ U- 1 nF 

41-InF 

'0-lNF 

■ RL/F T 

PO 

TO 

hO 


00- 0TU/ 

'ST-O 

POP 

p SE^ _ 

PS I A 

URM/F Tt 

R. 



PSIA 

. HlO-6 . 

PSIA . 

. oeG a 

dlU/uBM - 

. ,f ra-sEC 

— 

PSIA 

89 

»00l92l 

7.7AE-05 

64*7 

6408 

15*90 

*344 

*300 

2205 

3071 

8.359E 

02 

20.44 

• 0814 

*636 

97 

•bol7«9 

6.99E--15 

66*8 

6618 

15,99 

*320 

*266 

213S 

3168 

8*649E 

02 

29*74 

.0863 

*593 

)C0 

rD01720 

f..4?t-r5 

6<3o4 

6646 

16*00 

*308 

*257 

2097 

3281 

6.991E 

02 . 

29*69 

.0902 

.571 - - 

10^ 

• 00 I70i 

'■6.70£<>^5 

6S*7 

646 ? 

15*99 

*305 


2027 

31?0 

S.502E 

02 

27*42 

*0374 

*565 

1 r9 


6.3AE*r5 

64*8 

6460 

1 6 0 1 0_ 

*.28.1 

-246. . , 

.. 1971.. 

3ll8„ 

.8.A95E 

Oi 

26*5fi 

*0901-- 


l?i 

~,o’o’iA32 

5 o37c -nS 

63*7 

'6424 

16*15 

.261 

*?31 

1921 

3087 

8.3996 

02 

?6o95 

*0937 

c4S4 



- - 

- 






- -- - 

— 








PPESSUPF OATA 


PRESSURE CaTa tPSlA) 



P6 

P9 

PI 0 

P 1 4 

P2n 

PI 

" P9 

*0312 

*010? 

.0103 

*00PI 

*0066 

• 5153 

97 

. 02^9 

•0103_. 

*0C9b.... 

*0077 

*0062 

... *5010. 

loo 

*0279 

.0098 

.009b 

*0074 

.0059 

*4976 

los 

. 0276 

.0098 

•O095___, 

.*0073 

*0059 

_.*4745.. 

109 

*0259 

.0091 

*0089 

.0069 

.0055 

*4542 

121 

.0239 

,0083_. 

. *0081, 

.0062 

*0051 . 

...4Q52, 


PRESSURE OaTa (PRESSURE / POP) 


TI«»C 

Pt 

P0 

PIO 

P14 

P20 

PI 

89 

*0490 

*0169 

.0163 

*Ol ?6 

• 0 1 04 

*8100 

97 

*0487 

.. .01 73 . 

...0166 

.. .0131 

.0105 . 

*0445 

100 

.C4«>9 

.0171 

oCUd 

.0130 

*0104 

.6535 

105 

*0489 

*0173 

. .0166 , 

..*0130 . 

,0104 .. 

.S,00 . . 

109” 

.0486 

.0171 

.0168 

*0130 

*0104 

,05,7 

121 

*0^93 

itOA?? 




_,J3I2 




O Cy 

v^ — 




<§. ^.- 


7 


RUN 46»a 



WaSa CRHITPR/TANK HEATir^o TjrST 


aEdC <A«0« INC.) AnnCuC afs* IFnn. 17389 
,VU^ KAHrtAN GAi> CY^AMlC$ FACILITY. 

HYPERVELOCI TY kJNU tunnel f 

VA?9l-2lFa JANUARY 1974 


PROJECT engineer O.R. HaRERMAN 


run AfAB 


*-Ea T-TiA»^SF£h Rate <ETU/FT2-seC> 


T[vt 

C2 

•> 2 


P9 

7.2=22 

4,4^5} 

\ . /073 

_ 97 

7.1914 

4*397fl 

1.73?1 

' ICO 

7.4??i 

4,51 ?6 

1 1 o4 7 

IrS 

6.<*P3i 

4 , 14C8 

1 ./r-e 

in9 

6.6130 

3.9H4? 

l.o?A3 

I?1 

6., 1 1 ^ 0 

3.66F4 

1 .<*773 

ti^^e 


^\E 

U1 9 

p9 

.2706 

c2S31 

• 2460 

97 

.. . .^^73 

.?5?4 

• 24 

TOO 

.2761 

.2575 

• 25^8 

10*5 

•2523 

*24ri 

•2372 

Ig9 

p2430 

.2337 

.2?98 

.. m 

• 2 ? 4 c 

.2246. 

.2138 

TIvE 

^?2 

tJ33 

<J?4 

P9 

'.2?47 

.2730 

.2544 

97 

.??7^ 

_ - .2745 

.25nJ 

ioo 

.2345 

.2P20 

.2880 

105 

. o2?ic 

,2586 

.2570 

109 

.2/‘7^ 

.248? 

.25^7 

1?1 

- . .^002 

.24?2 

.. .23^6 

U*'l 

__ '^'4 5 

04 6 

U47 

89 

.2*^31 

.2SC3' 

. i9-»4 

97 

.2529 

.248 6 

•1893 

100 

.2613 

.2553 

•2019 

105 

.2106 

.2345 

. 1865 

109 

.2502 

-2258 

•1«33 

IZl 

♦ 2134 

iZon. 

.JJ.4T_- 


.ME AT-TKANSFfr^ DATA 



_ UR 

09 

010 


.4010 

.3413 ’ 

.3000 


.4131 . 

,34«9 

.2909 


,4174 

.3563 

.31J4 


• 3H91 

• 3?91 

.2^52 


.3665 

.3)07 

.276? 


.3394__. 

-.3194 

-.2557 

o?o 


0?2 


• ^327 

.2106 

.199? 

.1091 

• ?-iS7 

• 2U1 

• 2f))2 

.1926 

•?48l 

.2227 

• 2078 

. 1 9d9 

•2270. 

.2070 

-.1911 

• 1 85o 


.2005 

• 1873 

.177? 

• 2046 

.1897 

.1834 

. 1 709 

•ns 

036 

037 

C38 

.^901 

,?9?9 ' 

.1763 

,2958 

.?903 , 

_ . .2961 

-.1782 . 

.2961 

.3009 

. 3O?0 

.1826 

.3083 

.2775 

.2ftl9 . . 

.1737 

.2797 

• >^103 

.2683 

.1674 

.2603 

.2533 

.2556 

.1522 

,2576 

O 48 

049 


051 

.\977 

**•1991 

• ?090 

.2121 

• 1 998 

• 2041 . , 

• 2127 

.2084 

.7048 

• 2165 

• 2)97 

.2107 

MB9? 

.1974 

.« 2 n 43 

.1913 

•2046 

• 1980 

*1964 

.1073 

n.759„ 

— ..1672 

--•1509 

• 1734 


on 

.28R7 

• ?”74 
, 300? 
.?70t 

-2A58 

0?4 

• ms 

. . 1 7?R . 
. 16B7 

• 1650 

039 

.257A 
--.2529 . 
.259P 
.2413 . 
.2337 
.2196-. 


- ^12 

f 7 l 3 


... 015 

.^915 

.?929 


.2675 

.2874 

.2961 



.2969 

.3058 


.2761 

.2715 

.2011 


*2550 ■- 

.2603 

.^ 70 <» 


.2525 

. 239 b . 

^2533 - ~ 


. ,2294 

tJ ?6 


U 29 

^330 . ... 

. 1 500 

' 

.3022 

• 2732 

• 1609 


.2959 

•? 7 o 2 . 

• 160 3 

i 

.3157 

• 2791 

• 1549 

; __ 

. 2852 ™. 

• *2550 

. 1494 


.2765 

.2444 

.1360 


.2627 

• ?332 

U 40 

041 

042 

<743 


.2702 
. .2702. 
.2791 
.2570 
.2483 
.2321 


.?554 

.250 7- 

.2^72 

.2468 

.2391 

.2294 


.2560 

-.2587- 

.2665 

.2455 

.2391 

.2316 


. ?e28 
.2616 
.2702 
.2495 
.2430 
.2298 


.2683 

.2706 

.2791 

.2578 

.2497 

.2371 

Q31 

.2730 

♦ 2777 
.2850 
.2ft33 
.2563 
.2446 

Q44. 
.2275 
.2386 
.2494 
.2331 - 
.2284 

• 2246 


-^52 . 

-- USj . ^ 

. 055 

- QS6 ... 

Q57 

2204 

.2250 

•2090 

.2040 

• 2090 

218S 

• 2185 

.2084---. 

-.2056 

• 2113 

2241 

♦ 2256 

• 2126 

.2078 

• 210? 

2002 

• 2057 

.1974 -- - 

.1092 

.2016 

19S3 

• 1925 

♦ 1099 

.1936 

• 1952 

1704- 

•1901 

^l7?i- 

-^1723 - 

.1022— 


8 


RUN 4640 








AEnC {AWO* INC*) AmNClT AFS* TTNN, 37389 
_. VOn KaHMan GAb Cv^A^^CS FACILITY. 
HfPE«vEtociTt «,jNO Tunnel f 


NASA OfiBITEfi/TANK HCATlNn TtST 


VA 391 * 2 IFA 


JANUARY 1974 


^"«OjECT ENGINE£0 U,S* hAHEPMAN 


ALP^-A = 0 

P^-I^ =3 7*50 


»*'” 7 T*-E' 

>*sec 


P- IKF 
P$T A 


PhO^INF 


«UN 4 ft 49 


70 ^000735 • 3*36E-n5 

*06 ”, 00070 ^ 

.94 *0CCfd6. 2*0 ^E^a5 

1C2 •000^54 1*94E*"5 

_n?_- 00 C ?65 

130 ,000570 1.9]E-r5 


r-INr 


*6 

«7,4 

84*8 

87*9 

-i 3 *P 

77*9 





TEST CCncITIOns 


W-0. ST-Q 

Based on ,! 
!-r/0£L 1 

J-IKF 

M- JnF 

Q-INE 

Pt/FT 

PO 

TO 

mO 

00- 0Tu/ 

\I/SEC 

— •-- 

J^SlA 

_..X10*6 

. PSIA 

[>er, R . 

- - 

.f.T2-SE:C 

8S17 

18*92 

* 164 

• ni 

3513 

Sioft 

1.469E 03 

. 42.98 .. . 

8917 

19,13 

• 181 

♦ 088 

3636 

55sr 

NPlOE 03 

47*81 

8ar6 

19,13 

*176 

.08? 

3717 

55?2 

l*59dE 03 

46*69 

8399 

19*04 

*166 

*077 

3449 

584 1 

l*t>03E 03 

45*54 

S79fl.„ 

„19*28 

t-152. 

*075 . 

..3298- 


.1#564E 03. 

42*22 

8449 

19*20 

• 14T 

*07? 

3020 

5037 

1*445£ 03 

37.6? 


500 INCH RADIUS 


ST-0 


POP 
. P51A-, 


*1804 
.1719 
.1737 
.1791 

a &4 3 ^2S3> 

»1775 ,274 


343, 

337 

3?7 

309 


PflESSUPE OaTa <PSrAl 


PRESSUf^E DATA 


I 

t 


j , 
r> 


TivE 

P6 

P8 

PIO 

P14 

P20 

PI 

70 

*0230 

,0072 

*0057 

*0049 

• 0039 

.3601 

85 

. *02?4 

.007: 

.0057 

. *0050 

• 0038 

.3577 

94 

*0216 

*0^>56 

.005/ 

• 0046 

.0037 

*3503 

1.0? 

»0?j04_ 

.^0065 

. *0053 .. 

• Lr047 . 

.. .0036 ... 

. *3325 

112 

,0lP7 

*006] 

*004«^ 

*U045 

*0033 

*3054 

. . 130. 

-..♦oiei . 

.0058 

*0047 

• j043 

*0032 

*2959 


pressure CaTA {PRESSURE / P0o> 


Ti»e 

P6 

Pfi 

PI 0 

Pl4 

P20 

PI 

70 

.0670 

.0209 

.0165 

* u 1 44 

• oiu’ 

1*0500 

86 

, .0665 

.0?0«1 

*0l6v 

*ul47 

*0113 

1*0600 

94 

• 0960 

,0’oe 

*0173 

• 1 48 

.on? 

1*0700 

102 

,.0060 

,0?11 

.0172 

• ClSl 

.OUT 

1*0756 

112 

• 0660 

.o?U 

.0173 

• Oise 

.0118 

1,0800 

130 

• 0660 


♦<LITX__ 

•.0156 


i.O&QO. 


II 




^..to 




tS^ 




I : 


10 


NUN 4649 




PROJECT ENGINeER habERHAN 


. 013 


,™ Q15. 

. _ dl6- 



.3403 

.3761 

• AA23 


.4016 

,4564 : 

o4402 . 


.435? 

.5107 ' 

•4554 . 


• 4371 

•• .5009-- 

.4332 


,4096 

.4687 

.,3^3 7.\ 


... , 5 6 1 7 

• 42 32- 


029 

030 

.. 031 


.4972 

.3782 

.4458 


.5632 

,4426 

.4904 *. 


.5003 

.4739 

♦ 5483 


.5j>74 

.,46 18 

r5553— ' 


.5573 

♦ 4318 

.5137 


.5041 

.376? 

♦ 4514 - ^ 

041 .... 

042 

... 043 

044. 

.3797 

.4513 

.4556 

.♦38. 

_ ,4346 

-,545l -- 

bS307 

.4i^7T 

,4548 

.5765 

.5369 

,♦809 

,4656 

.5464 

.5350 

-•.♦73. • 

.4335 

,5o67 

. .4733 

.♦♦33 

.3762 

,4514 

.4000 

,♦073 

055 

Qse 

._. 057 .. 


• 3?67 

♦ 3302 

.3500 


• 3350 

♦ 3625 

^*4016 


• 3«29 

♦ 3702 

.4000 


• 3071 

• 3621 

♦ 409S 

. ^ 

0673 

♦ 3403 

♦ 3084 


*3410 

-0141 — 

-^3536 










AEDC 

: (AHO. 

INC.) AHkClC 4fS. 

TENN. 37369 










VON KAH8AN' GAS | 

DY^4'']C5 

fAClLiir . 











HYPEHVftOCn Y 

wTNO tunnel F 







NASA ?:RttnER/TANK 

heat I Nr, 

TEST 

VA291 

-21Fa 

JANUARY 1974 


project engineer 0. 

ft. ^abEPmaN 







RUN 

4649 













heat-ThansfEH data 







TPAKSFEfi 

i,ata to 

/ 00) 











TivE 






09 


on 


013 


015 

Q16 

' 7 0’ 





.MS7 

• 01?0 


• 0D9I) 

• 0099 

.0090 


.0079 

.0087 

06 





.0168 

. .0136 


• 0100 

• 0 104 

.0092 


.0024 

.0095 - 

S* 





.Ol7«5 

.01S1 


.0115 

.oil r 

• 0096 


• 0093 

.0109 

10? 





.0182 

.0153 . 


.0116 

.0121 

.0100 


• 0096 

.0110 

n? 





• 0184 

.0159 


.0121 

.0121 

.0103 


• 0097 

.0111 

130 






•0194_ 



_ .0116 

.•0116. 

_ .0102 

- 

:.0096 

^0112. 

n^E 

Ol7 

Q\b 

on 

o?o 

H21 

Q22 

fJ23 

024 

U26 


029 

Q3C 

Q3l 1 

70 

• 0 CriT 

.0302 

• 0073 

.0060 

.0065 

.0163 

.0061 

.0050 

.0055 


• 0116 

• 008B 

• 0104 

P.b 

• CCH<^ 

.one6 

• OOPO 

of)076 

.0070 

. .0068 

.0066 

.0061 . 

.0054 


.011& • 

.0093 

.0103 

9A 

• C 094 

• 0096 

.00^6 

• 0063 

• 0077 

.0074 

.0072 

.0066 

« 0063 


.0126 

• om 

.0117 

1 0? 

,0100 

» 009A 

* DHQO 

*0064 

, 008 n 

. OO 77 

.0072 

1 0|)6n 

• 0062 


^0129 

-• 0 1 C 1 

.0122 

ii? 

• (1 1 0 i 

.0096 

.0093 

• fl067 

.0081 

.0077 

.0074 

.0069 

.0062 


♦ 0132 

.0102 

.0122 

no 

•OlOO. 

. ... *0C94 

. . .00^? 

.. *0007 

*0078 

.. .0074 . 

.0070 

.0069 

.0061 

- 

• 0134 

• oioo 

.0120 

T lk£ 

Q?? 

033 

o3a 

0?5 

036 

Q17 

038 

039 

U40 

041 

042 

04 3 

Q44 

70* 

,0n7<i 

tom 

.0105 

.01 17 

.0124 

.0^55 

.0072 

.0066 

.0056 

.0088 

.0105 

• 0106 

.0102 

P6 

.0 090 

.0105 

.0125. 

.0122 

..Ol20 

.0064. _ 

_.0081 

-.0072. 

.#0068„ 

.0091 

. ,0114^ 

. Ol 1 l- 

.0102 


o‘0f>9^“ 

• 0Ti5 

.0117 

.0128 

• 0139 

.0069 

.0089 

.0079 

.0073 

.0097 

• 0123 

.0115 

• 0103 

n? 

.0101 

.0117 

.. .0115 

•0137 

.0138 

.0072 

.0091 

.0079 

• Do74 

.010? 

• 0120 

.0117 

- •0104-- 

n?' 

.OlOJ 

.0119 

.01 15 

.0139 

.0138 

.0073 

.0093 

.0080 

.0079 

.0103 

• 0120 

• 0112 

.0105 

. 

.0100 . 

.. *ono . 

• on9 

. ^0143 . 

.0138 . 

. . .0076 

.0095 

.0079 

.0075 

- .0100 -- 

• 0120 

.0128 

.0104 

Tlr/£ 

04S 

046 

U4 7 

Q46 

Ci49 

QSO 




055 

_ 056 

..057_ 


TO 

-0095 

♦ b i c b" 

• 0016 

• 005 1 

.0047 

• 0066 

.0072 

.0080 

.00^0 

. j) 0 76 

• 0079 

• 0062 


P6 

• 010^ 

*^fOi 

*0040 

•0D54 

.0055 

.0070 

.0074 

.0083 

• 00»1 

• ooul 

*O 080 

*0084 

. .. 

9* 

• 0109 

. 0 U 0 

♦ 0042 

• 0058 

• 0061 

.0077 

• 0080 

*0087 

• 0064 

*6082 

• 0081 

*0087 


10? 

• 01 H 

• 0113 

•0044 

•0049 __ 

•0062 , 

... .0081 

.•0081 

.0088 

.00^6 

#0085 

• 0084 

• 0‘090 


* * n? 

• 0114 

• 0113 

• 0046 

•0050 

-0064 

.0082 

.0080 

• 0088 

.0087 

• 0087 

• 00^3 

.0092 


no 

*0116 

- -r&U6_ 

• 0049 

*^052 tOa65L^ 

_^ooa2-_ 

. *0081.. 

#0092 

JI.0089-, 

.^091 


*0094 
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RUN 4644 . 



' AEDC (AWO» INC.} AHNCin AFSi TfNN. 373^^9 

^ . . VON GA^> CrKA^IrS FAC*L^TY 

' ” ’ HYPE^VeLOCl -IM) ‘UsNfL F 

‘ NASA'OPdllERyTaKK HEATlNr, TtST VA391-aiFA JANUA«Y 1974 PROJECT ENGINEER O.P. hABEPMAN 

RUK 4f50 


“TEST CCncIUOnS’ 



alpha s 

0 








U-0. 

ST-0 

BASED ON 1 

►500 INCH 

RADIUS 


PHI^ ^37. 

50 










MODEL 

length s 

32.638 

^\yz 

■ p-ur • • 

PmO-INF 

r-lNE 

U*|NF 

M-INF 

Q-Inf 

R£/f T 

Po 

ro 

HO 


00- RTu/ 

ST.q 

PCP 

_M5E^ 

^.1 A 

T3 .. 


Ff/SEC.. 


PSiA .. 

. „XlO-6 

.. PSU 

..„OEg r_. 

8TU/lBM 

f 12-SEC 

— 

-.-PS[A- 

78 

.002P49 

1.12£-^4 

64.4 

6443 

15.86 

.502 

• 42<» 

3096 

3095 

8.4B4E 

02 

34.90 

.0679 

.929 

A4 


9.?3li-r.5' 

73.0 

0754 

15.86 

. 454 

.333 

2925 

3371 

9.290E 

02 

37.61 

.0759 

.842 

90 

.nc24?i 

8.53E-0S 

74.2 

6814 

15.87 

. .427 

• 3C5 . 

2792 

34?6 

9.455E 

02 

. 37.31 

.0791 

.791 

96 

•002377 

7 . 6 jE -'“•5 

81 *7 

7o»3 

15.72 


.257 

2665 

3676 

1.022E 

03 

40.75 

.0852 

• 762 

102 

.0021 64 _ 

6.83E-05 


.. 7l56^._ 

i5W8 



*230 

2529 

-3J4^ 

.a..D44E 

.03., 

4^05 

— .osao - 


114 

.002062 

6.12E-C5 

tt7*9 

7100 

15.62 

• 352 

.ISP 

2296 

3687 

1.0B6E 

03 

40.58 

.0953 

• 653 


PftESSURE OATA 


PweSSUPE CaT4 (PSIA) 


TIhE 

P4 

P6 

PB 

P14 

P20 

76 ' 

• U22' 

♦ 0369 

.0126 

♦ 0105 

.0066 

84 

.1046 

.03-37 

• 0120 

• g099 

.0081 

90 

.0977 

♦ 032ft 

«Cll6 

-0097 

.0079 

96 

.0945 

_*031_9_ 

„.0114_ 

._#0095 . 

• 0077._ 

102 

.0802 

.0304 

♦ 0105 

• gOB7 

.0070 

114 

.•0823... 

♦ 0?83 

•oioo . 

• uOB2 

. .0065 


PflESSUPE data IPPESSUfiE / rOP) 


IXZL 

78 

P4 

90 

96 

102 

_U^ 


P4 

P6 

P0 

P14 

P2fl 

♦ 1207 

.0397 

.0)36 

.vU3 

♦ 0092 

.1243 

.0400 

,..•0142 

.. ♦0118 

.0096 

.I23S 

.0412 

♦ 0147 

,aiz2 

.0099 

,12*0 

♦0410 . 

.. .Ql5g 

.»I25 

.0101 

.1200 

.0435 

.0150 

.<il2* 

♦ oino 

.»Lg.ftg 

jl2*33 iDlSi 


__*0099_ 
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’ RUN 46S0 



AEDC INC.> ahnClT TFkn, 37389 

_ ... KAHHAN GAb CrNA^^ICS fAClUTr... 

MYPeHveLocHy wisr> uu^ti f 


NtSA r^c^CR/Ta^r HF4Tif,r, T^ST 


PCflT-TPAK'SF^S >iAtF (OTLVf T2-SPC) 


VA291-21FA 


JANU&Wy 1974 


?^ftaj£CT ENGINEER D.ft. PABERkaN 


PUA 4f50 


7t*E 


02 

.03 


”7 0" 


’"l0.63c6 ‘ 

7,9«?9 ' ” 

3 

64 

40.0^ D4 

10.1536 

8.47?i 

3 

90 

39.5451 

9,6997 

8.3567 

3 

96 

43.1«25 

- 10.K154 ^ 

9.0867 

. 3 

102 

42,5487 

9.9?39 

0.8PQ3 

3 

114 

_44,.03a9 

JU?..0154__ 

-9*0«^2 

.3 


1025 


■ 334 A 


heat-tkaasfer oata 


• An3% 

.4419 

.4#i05 

.5100 

.5418 

-.5073. 



14\<3 

_ 720 

^21 __ 

(i?2 

2.1371 

1.^107 

1.1333 

1 .0^60 

2.bn6 

1 0989 

- 1.4143 . 

1 .1976 

2.0115 

1.4793 

1 .5236 

1.2470 

.2.9338 

l*7n73 

.„1.717i-._ 

1.3626 

2.5225 

10531 

1.7023 


2.59.H1 

i.>»?e3 

1.7765 

1.2946 

U34 

035 

036 

017 

.2ft45 

• ?647 

.2005 

.0924 

.3?53_ 

.3346 

.2670. __ 

.0921 

• 33:»0 

.3208 

.2869 

. InlS 

.3700 

.3647 

.3201 .. 

.1256 

.J7n5 

• T645 

.3204 

♦ 1251 

. .3795 

. - .3774 

.3409 . . 

*1299 

y4 7 _ 

042 

049 

^50 

3.31»1 

• 6453 

.7093 

.6656 

3.J0«3 

• 5393 

.7311 

.0010 

3.0592 

.6025 

.69 76 

.8194 

3*15?9 

•6253 

♦7416, . 

.9413 

2.9239 

• 6 1 4 4 

• 7210 

• 9413 


*6005.. 


^.9749^ 



. «J10 

Oil 

Q12 

.3134 

.1676 

.1353 

' -1326 

.3573 

.1764 

.1692 

.1448 

.3696 

.176! 

.1791 

.1462 

.4132 

• 194P 

.2133 

.1622 

.4005 

.1933 

.2219 

.1658 

. .4050 

.1977.. 

-^-.2529 

^1644.-^ 

023 

024 . 

0?6 


.0009 

.6609 

.43^2 


.9 706 

.7;>96 

.4560 . 


.9651 

.7126 

.4560 


1.0490 

. -.7868 

. _.4B06 — 


.9093 

.7612 

.4560 


.9659 

.7102 

- .4363 . 



039 

OAO 

041 

.1393 

.0970 

. 3604 

.9240 

, 1546 

- .0944 

- .3225 

,9P90- ... 

.1533 

.O«00 

.2574 

.9599 

.1099 

*0970 

.. .2282 

.9902 

.1744 

.094] 

.2023 

.9460 

.1757 

• 099n 

.1867 

.0724 . 

__ 

. - 052 

^53 . ... 

054 

. 7902 

1.3597 

1.4500 

.7438 

*8649 

1 .4854 

1 . 5460 

.8(111 

.8792 

1.4055 

1.5035 

.8021 

• 9587 

U6297 

- 1#6340 

*0686 

.9413 

1.5047 

l.i>3a6 

'•8393 

^9flSa._ 

l*Sol3 

- a*^060- - 

L032O 


<J13 

.1539 

.1523 

«uia 

.1426 

.12^2 

.0965-. 

Q29 

.2208 

.2068 

.1940 

.2119- 

.2123 

.2110 

Q42 

.3447 

• 3610 
.3416 
.3654 
*3746 
.3929 

055 

.4179 

• 4776 

• S064 
*5534 

• 5426 
-^5436.^ 


.2050 

• 2125 

.2on 

.2241 
.2100 
.168 7.- 

Q30 

• 2455 
-.2651 

.2441 
.?37 7-- 
.2058 

• 1778 

, 043 
.2765 
-•?€&3- 
.2726 
.2934 
.2664 
.2914 

. . 056 

.2122 

• 2S48 -- 

.2761 

• 3174^.. 

*3143 

-.316^ 


01 5. _ 

.2414 
• .2482- 

.2388 

• 2567 
.2691 

— «tt« §4_ 

031.., 
.2648 
■ --*3054-. 

.2985 

-^.3328- 

.3204 

.2942- 

.. 044 

.2919 
--.3081- 
.2817 
.2995 
.2fi64 
.2658 

05 ? 

.5070 
.5331 - 
.5067 
-..5175- 

• 4866 


14 



REPRODUCroiLITY OF THE 
ORIGINAL PAGE IS POOR 


aEdC INC#) A^NCl.C Afs* T£nn, ;^73a9 

VON KArtMAN GAS> CVNA*"ICS FAClLltT 

hYPEMVCLOCMY mitsO IUNNEl f 


NASi nftgnTB / T6KK HeAllNG test 


VA2 < J1 - 21 Fa 


JAN0A«Y 1974 


PHOjtCT engineer 0 #??. hagePMAN 


RUN 


Hf AT-TRANSf £3 OAT* 


)- 6 aT TQAKSFER CATA <0 / QOJ 


Ti-e 

Cl 

c? 

01 

05 


oe 

‘ 78 

1.0958 

.304a 

• 2?P7 

.^867 


.01 16 

84 

1,0650 

.27Q0 


.0825 


. .011^ 

90 

i .0^00 

.2600 

.2240 

• nR20 


.0123 

96 

UC60C 

.2480 


•0«30 . 


,0125 

102 

1.0623 

.2473 

.2219 

.0932 


• 0125 

114 



.2468 


.n«44 


_.»125 

T!»<E 

Q]6 

Q17 

UlR 

Q?0 

li2l 


78 

.0121 

.0190 

• U6l 2 

• n347 

#0325 

• 0?88 

84 

• 01 15 

.0188 

• Q6g5 

• 03T? 

.0376 

.0116 

90 

• 0116 

.0I«« 

• u7n0 

• 0197 

.0408 

*0134 

96 

• onv 

.0201 

.?07?0 „ 

... • 04 19 

.0*21 

.033* 

102 

.0117 

.0202 

.0610 

• 0438 

#0425 

• 0128 

u* 

•0U9 „ . 

• 02D6 

« Qh40 

• P45 0 

• 0438 

.0119 

tike 

^?2 

033 

U34 

015 

G36 

017 

78 

■ .0l2l ‘ ■■ 

.0167 

•00°2 ' 

• on76 

.0057 

.0026 

P4 

.0122 

.0182 

.U0P6 . 

.0O8l_ 

...0071.. 

.0024.. 

90 

. 0 U 7 

.0179 

♦ 0OO9 

#0086 

• 0077 

♦ 0'^27 

96 

.0114 

.0174 

.0091 

#0089 

.0079 

.0031 

’ 102 

.0105 

.0172 

• 0092 

#0091 

• 0080 

.0!>31 

114 

.0090 

.0166 

•0094. 

#0093 

, .0054 

... .0032 

time 

<345 

046 

U47 

_ Q48 

049 

950 

78 

• U059 

"^.o’04i‘ 

“.i)99l 

• 0185 

.o2o3 

• 0191 

04 

.0050 

.0042 

• 08^0 

. -0170 

..0194 

.... .0213 

90 

*0045 

• 0044 

• 08?0 

• OUl 

• 0187 

#0225 

96 

• 0042 

• 0047 

•0775, 

- .--•0153 .. 

...0182 

.0231 

" 102 

• 0040 

.0049 

#0710 

•0153 

• Ol80 

• 0235 

U^L 

.0041 



♦ 0680 

• Qiie 

_.oia3. 

*fl^40 


09 

QIO 


• 0C9O 

.0048 

♦ 0039 

.0095 

.0047 

.0045 

.0099 

.0047 

*0048 

♦ olol 

.0048... 

♦ 0052 

• oloo 

.004R 

♦ 0055 

• OlOO 

.0049 

,.0062 

C23 

324 

U26 

• 0255 

.0189 

.0124 

♦ 0258 

.0194 

.0122 

.0259 

.0191 

.0122 

.0258 

*•0193 

• olia 

,0247 

♦ 0190 

#0114 

.0238 

.0175 - 

#0107 


039 

J4 0 

.0040 

• 002R 

.0106 

.0041,. , 

♦0025 

^•0066. 

.0041 

.0024 

• 0069 

.0042 . 

♦ 0024 

• 0056 

.0044 

• 0023 

♦ ooso 

.0043 

• 0024 

.0046 

051 

052 


.0226 

.0190 

.0418 

.0230 

.0395 

.0411 

• 0236 

.0399 

• 0403 

#0235 

.0400 

♦ 0401 

#0235 

• 0376 

• 0364 

*0243 

.*4137 a 

-•0371- 


• no36 
*0038 
.0039 
.0040 
.0041 


041 
. 0?65 
..^0 263 - 
.0257 
.0?43 
.0?36 
.0215 

054 

#0213 

#02U 

#0215 

• 0213 

• o?io 

^^0205. 


.0044 
.0041 
.0038 
.0035 
.0032 
..0024 _ 

0?9 
«OQ63 
.0055 
.0052 
-.0052 - 
.0053 
.0052 

04 2 
.0099 
-.0096^-. 
.0092 
.0095 
.0094 
.0097 

Q55 

.0120 

-.0127 

• 0136 

• 0136 

• 0135 
-.0134,^ 


f>l4 _ 

♦ 0059 
.0055 
.0055 
.0055 - 
.0052 
.0046._ 

030 

' .0070 

#0071 

• 0065 
„.D05B_ 

.0051 
.0044 . 

Q43 
*0079 
— .0077- 
. 0073 

♦ 0072 
.0072 
.0072 

f>56 

• 0061 
.0068 

• 0074 

• 0078 

• 0078 
--.♦0078*- 


.jns 

.0069 
.0066 
. 0064 
-.0063 
.0067 

Q3l 
.0076 
• 0081 
#0080 
..*0082 
• 0080 

• on 72 

.. 044 

• 0084 
^♦0082 

.0076 

• 0073 

• 0072 
-•0068 

._057 
.0145 

• 0142 

• 0136 

• 0127 , 

• 0122 
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RUN * 6S0 



ACDC (A»o* INC.) Afs. tfnn. 37309 

_ yUN kahkan GAb Cr^A^KS TAClLiTY 

f^TP£HVELOCJ I V WIND TUnNFL f 

NaSA OPBITEP/Tak*^ ‘heating T£ST VA?9l-2lrA JANUARY )974 PHOjECT ENGINEER D,fl. ►-ahE^-^AN 


Ruk 4^51 
TEST CCNCI TI0N15 




0 








(-•Ot sr-0 

BASED ON 

•500 iNCh 

RADIUS 


Pf I5 *37 

.50 









nOOEL 

LENGTH s 

32.C3B 

TTfcE" 

R-IKF’ 

RhO-INF 

T-tnF^ ■ 

U-INF 

m-TnF 

0-INF 

RL/FT 

PO 

TO 

HU 

00- 8TU/ 

ST-0 

POP 


_PS[4 

J^RM/F TT 

UEg R_ 

_F1/S£C 


.„PS1A._ 

_Xl0-6.., 

..PSIA 

._0EG R-. 

. blU/LdM 

.fJ2-S6C — 

-- 

RSI A. 

6t> 

.oooe)6 

2.32e-05 

91.9 

6947 

18.73 

.200 

• 086 

3637 

5594 

1.62U 03 

.. 50.73 „ 

.. .1642 

. *373. 

70 

• OCOF2K ■ 

3.23E^nS 

96*6 

* 9]78 

16.72 

”.203 

• 003 

3996 

5065 

147066 03 

54,39 

• 1606 

.378 

90 

•000717 

l.e?E-nS 

10?*7 

9560 

ie.92 

• ISO 

• OCA 

393S 

6326 

l#aS0E 03 

56,45 

• lSd7 

.335 

100 

.000597 

l.4^£-05 

105.2 

9790 

19.15 

• 153 

♦ 059 

3690 

6615 

l.9*0E 03 

55.17 

.2105 

• 266 

lAO 

•C005»d 

1.39E^n5 

iSiZ*l. 

_95J0^ 



*053 _ 

,3070. 

61*9.— U8S4£ J)3i 

L _45US4 

•2160 

.256 


PRESSURE bit A 


PRESSURE DATA IP5IA1 ' 


— n-r” 

— pg- 

P14 

P26 

66 

.0076 

.0055 . 

• 0040 

70 

.0077 

.0056 

.0041 

90 

• CO 76 

•UOSI . 

.0037 

ICO 

• 0062 

.0044 

.0012 

140 

_4005L._,. 

. 4003 T...,. 

.0022— 

PRESSURE 

OaTA (PPESSUCE / ROP> 



1 l¥t 


P14 

P20 

66 

.0202 

.vl46 

.0108 

70 

.0204 

• jl40 

.OlQ0_.. 

90 

• 0208 

♦ Ol*!? 

• olio 

IQO 

• 02 l«* . 

.0153 . 

. 0111 . 

140 

.0201 

. 01*8 

.0105 
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RUN 4651 



AEDC (ARO, INC^l aFS, TFnN* 37389 

_*VON KAK^An GAi Ct^A^^lCS FACILITY 
HtPFUvrfLOCT I T »JrN{J rUNA.FL F 


NASA CRdIT£R/rANK H£aT1a*g 'TfcST 


VA 391 - Z 1 FA 


January 1974 


P»^Oj£cr £NGIN€ER O.R. haBERhan 


run 4 t 5 l 


HfAT-TRANSFEW DATA 


heat-tpansfer Kate <eTt*/FT2^SFc> 


tike 







09 

OlO 

un 

012 


014 

01 5 _ 







.7652 

.6493 

. 5 ? 6 | 

*4819 

• 4718 

.*397 

. 339 H 

.3592 

f w 






. .8407 

,6799 

.5711 

. .5113 

. 5 ? 75 

.4952 

.3934 . 

.3745 . - 

90 






.•»A 37 

♦ 7554 

. 626 ft 

• t >979 

.6154 

.5035 

.4629 

• 4441 

10 0 






. .9263 

.7614 

.6234 

.8276 

. .6166 . 

- .6164 

,4000 - - 

.4827 

1 4 0 






.8565 

.7696 

.6089 

.5693 

• S 644 

.*069 

.5297 

.5099 

TT 4 E 

ri\h- 

Q 17 *“ 

Ola 

' ' 

Q 20 ■■ 

021 ' 

022 

023 ^ 

U 24 

0 ? 6 ' “ 


Q 29 

030 

66 

.... --Pie 

.. 1*3314 

. 13 * 0?95 

. 3.1670 

2 . 4 B 75 ., 

.. 1 . 561 T. 

... 1.1464 .... 

.8180 

. .5602 . 

•2841 . 


-.5610 -- 

..4076 

70 

♦ 44 0 1 

1 . 45 d 3 

13 . 3^32 

3*4049 

2 . 64/0 

1.6861 

1*1890 

♦ 8466 

.5970 

*?882 


.6154 

,5502 


• 7 fj 0 6 

1 ♦ 542 ] 

U* 9 ll 9 

3*4437 

2*5574 

1*5311 

1*0726 

.7000 

♦ 5024 

.2371 


. kllO 

,6210 * 

loo 

. t 832 

1 . 5 US 


3*?932 

2 * 39 o 9 

1 . 45 A 7 

. 9/26 

.6130 

♦ 4421 

♦ ?097 


♦ 6785 

• 620 7 



♦. 7 n 79 ^ 




. 2*7906 

-J. 55 l 6 ^ 

1 . 0831 -. 

-7371 

... 455 S- 

. 3 o 95 _ 

-1230 



. A 3 

IfvE 

Q 21 

032 


Q ?4 

035 

Q 36 

037 

038 

U 39 

Q 40 

041 

- ♦ — 
042 

043 

66 

. 3^62 

■ .3927 

.7660 

.^64 3 

. 56 R 3 ' 

.6189 

.3359 

. 386 ? 

.2599 

O .3500 

1 .4402 

.7622 

.4362 

70 

.*1 3 i 

.4218 

.d ?67 

.6077 

.6249 . 

.....65T0. 

.3534 

.4133 

... *2898 . 

.3769 ... 

1 .5006 

. ,8267. . 

,4694 

90 

.5n24 

.4778 

.92-^9 

.6775 

.6718 

.7524 

.4 262 

.4516 

♦ 3105 

«4}7B 

1 .7040 

.9033 

.5130 

100 

.5241 

.^774_ 

*6H07 , 

.6681 

- .66?1_ 

.7fl94_, 

.4093 

,4579 

.3200- 

a 4 035 

1 ,6 o 77 • 

,8633 

C 1 dm 

140 

.5644 

.5258 

♦ 91 p'9 

*6331 

.6436 

♦ 7844 

*40?7 

.4604 

.3366 

.4246 

1.5991 

.8088 

.5149 


■■^ r^E C 4 A 

.3l<5t 
70 .3?2€ 

? J » 

100 .^|93 

J>0. ...■>♦55, 

tine & C 7 

E 6 Viod ? 

70 ,4?31 


‘ 0^5 

*3615 

*A025 

♦ 4 B 0 O 
« A 9 S 1 


•4495 _ 

• 4 7 A 1 
_ i 5 . 72 , 6 _ 

• 56?8 
♦ 5594 , 


Q 4 ? 

1*6194 

1*4475 

_L*4.904_ 

1*3462 

1*0840 


Q 48 
-.8253 
♦ 8964 
_. 94 R 4 , 
.9324 
.♦8134.. 


Q49 

• 7710 

• 8103 
..-7703 

• 7073 
..♦3792 


Q50 
.9435 
.9875 
--9 727- 
♦ 8619 
.7232 


<» 5 l 

1-3290 
1.3923 
- l - 334 a - 
]. 276ft 
1.0061 


u 52 

1.6243 

1.7153 

W 6136 
1*3063 . 



055 

♦ 7203- 
.7629 
- 7396 ^ 

.7352 

.6244- 


Q56 

• 4920 

• 5214 
--.504 7- 

.4934 

-4165 


90 -4178 
ibO .4028 
140 .3763 
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AEOC INC.J AW^CL^ AfS* TFnN, 37389 

yONf RflP>'AN GAi CYNA^-ICS FACLlJT.Y, 

HYPERVFLnClTY wIKO TUNNFL F 

NASA OftdnER/TANK heating TtST VA2^i-21FA JANUARY 1974 PROjECT ENGINEER D.fl. habCPHAN 

PUN 4F51 








.. HEAT-TNa\s*^£P data 







hEaT 

Transfer 

caTa <0 / 

00) 



.... 









Tixe 






06 

U9 _ 

.010 

on 

012 

. 013 _ 

014 „ 

. Q15, 

it 






• 0151 

• 0128 

♦ 0104 

.0095 

.no93 

.00«7 

• 0067 

.0071 

70 






.0155 . 

.0125 

♦ 0105 

• 0094 

• 0097 

.0091 

. 00 72 

• 0069 

90 






• 0167 

• 0134 

• oin 

• 0106 

.0109 

.0103 

.0062 

-0079 

IftO 






• oiea 

.0138 .. 

.0113 

.0150 

.0112 

• 0112 

-- .0087 

,0087 

140 






• 0173 

.0155 

.0123 

.0115 

• DU4 

.0123 

.0107 

.0103 

— rr>e- 

OTF 

Q17 

^ y|p 

919 

020 

021 

022 

023 

024 

026 


D29 

Q30 

60 

.. ♦0115. 

.. *0262 .. 

. *2569 

• 0624 

... .0490 

-- *0308 . 

-0226 . 

• 0161 

• 0110 

-0056 


.0111 

*0096 

70 

.012J 

• 0267 

• 2441 

• n626 

♦ 0467 

• 0110 

• 0219 

• 01S6 

• Olio 

• 0053 


.0113 

• 0101 

90 

.012* 

♦ 0’73 

•2110 . 

• 0610 

• 0453 

.. .0?TJ 

• 0190 

• 0124 .. 

• 0069 

• 0042 


-0120 

.0110 - - 

loo 

.0124 

• 0279 

• 193? 

• 0S97 

,0433 

• 0?64 

.0176 

• oui 

• 006 q 

• 0038 


• 0123 

• 0113 

1*0 

jO.L43_ 

•03Q1_, . 

••«e» 

• 0964 

.0374,. 

,0219 

•0149 . 

.009? 

.0063 

♦ 0025 


•• 

, 0 j 

TI*^E 


Q32 


U34 

G3S 

016 

037 

03fl . 

U39 

Q40 

04 1 . 

. 042 

Q43 

66 

• Cf»73 

.0077 

• OlSl 

• OUl 

• 0U2 

.0122 

• 0066 

.0076 

• 0051 

.0069 

• 0265 

.0150 

.0086 

70 

«Oo76 

.or-78 

. .UlS2 

♦ 0112 

. . .0115 

•0121 

.0065.. 

.0076 

.0053 . 

.0069 , . 

.0291 

-.0152 

.0086 

90 

' **0r39 

,0069 

• 0164 

• 0120 

.0119 

.01 33 

• 0075 

.0080 

• 0055 

• ft074 

• 0302 

.0160 

.0091 

ino 

,0095, 

».ooe7__.. 

_ .0160 

• 0121. 

.0120, 

.0129 

..0074 

,.0083-—! 

.,oo5a 

.0073 

.029 1-* 

.0156 — 

0093 

140 

• 6l 14 

.0106 

• 0lP4 

.0126 

• 0130 

• 0156 

• OOol 

.0093 

• 0068 

• 0086 

• 0323 

.0180 

-0104 

■ ■ TT^r 

fl’4 4 ■ 

045 

UAA 

04 7 

048 

Q49 

Q50 

051 

U52 

053 

054 

055 

Q56 

66 

.0063, 

. . 40071 

♦O0P9 . 

• 0319 

. ,0163 . 

.. - -0152 . 

-0186 

.026? 

• 0320 

• 02 7 6 

• 0195 

•0142 - 

• 0097 - 

70 

• 0065 

• 0074 

• OOPS 

•0307 

• 0 1 65 

• 0149 

.niH2 

• 0256 

• 0315 

.0273 

.0195 

• 0140 

.0096 

90 

• 0C72_ 

t0064,._ 

,,,•01 OL 

■0264 

•0166.. 

.. .0136 

,.0172 _ 

,.0236- .1 - 

,0305* 

« 0?50 

“• 0 18 7— 

.0 131 


ico 

• 0076 

• 0067 

• 0lo2 

• 0244 

♦ 0169 

• 0126 

.0156 

.0231 1 

• 0292 

• 0245 

• 0180 

*0133 

• 0089 

... . 140 . 

*0190 

. ..iOlOD.. 

• 0113 ... 

•0219. 

. , •0164 . 

.0117 

.0146 

• 0203 -- 

• 0264-. 

• 0235 

• 0172 

.....0126 ■ 

*0034 

TI^^E 

0«T 







1 







€6 '“‘•C?79 ' 

70 ■ Q C7J> 

90 .007^ 

... .100 ....,0073 ... 
140 ,0070 
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RUN 46S1 



AErC lARCf INC,) A^<KC| c AfS. TF^N, 173^9 
MK)fH KA^^AN GaS CY^AHlcS FACILITY „ 
hYPEM^ecOCllY wtNO TUNNEL f 



NaSa ■ <TPtj ITE»/T AKK hEATing Tt 

ST 

VA291 

-21FA 


JANvJAPY 

1974 


FKQjECT engineer O.p. 

HABE*^HAN 









PUN 4f52 













test ccNcinoNs 








alpha a 

0 








(J-0* 

ST*0 BASED ON 

.500 INCH 

RADIUS 




.50 









model 

length * 

32.638 


■ Ui'e: 

P-IKF 

‘ PHO.-INr 

T-TNF 

U^INF 

' h-JNF C 

-INF 

ME/FT 

PO 

TO 

mO 

00- BTU/ 

ST-0 

POP 


?SE c 

PSjA 

L^H/FT? 

UEg r 

_FT/s£C 


PSlA _ 

/lo-fi.-. 

PSIA. 

Peg R 

_.BTU/LaM.. .E12-SCC . . 


- PSIA- 


7? 

.004650 

l.7HE-r^A 

71.3 

6F48 

15. BO 

.847 

• 64 4 

5024 

3253 

9.003E 

02 . 49.32 

.0544 

1.570 .-. 


75 

.004 745 

1 « 65E *04 

7*;. 2 

6fl|)7 

15.75 

.824 

*56) 

4925 

3197 

9.439E 

02 5U7? 

.0569 

1.S27 


78 

•004566 

_ I .51E-C4 

. , 7^*2. 

. 6979 

15.73 .... 

*yn . 

. 93} H 

4836 

.355$ 

9.V22E 

02. 54,56 

• 0604 

- ‘ X • 4 68 - - 



60 

*004330 

1 .36E*n4 

R1.4 

7173 

15.76 

.753 

• 455 

4774 

3737 

1.048E 

03 S6.&9 

.0639 

1.397 


00 

•0Q37Q9 

) « 13E-'*4 

85.5 

7307 

15. H5 .657 

,365 

.4369 

-3869. 

_ a*oa7E 

03_ _S5.37— 

.0701— 

1.-211 


l>0 

*0C?754 

7*ao£-n5“ 

97.2 

7587 

15. «5 

• 484 

• 25 0 

3434 

4154 

l«)72E 

03 51.80 

.0843 

.899 



. PRCSSUPE. data. 


T l^E 

P4 

P6 

PR 

PI 4 

P20 





72 

75 

78 

80 

.?066 ‘ 
.2018 
• 1^43 
.1866 

’ .0R73 
..0952 , 

.093!! 
.090-3 

.0196 

.0194 

.0191 

.0184 

• U 169 
■ 0 1 6 6 
.0165 
.0160 

.OUl 

.0136 

.0137 

.0134 







90 

.1674 

.0830 

.0167 

.0141 

.0116 





120 ,.12P4... 

PPESSUPE OaTa 

• 0695 ...0128 
(PPESSUflE / POO) 

.0106 

.0087 



■ ■ 

- - - - - 

Tl^'E 

P4 

P6 

P8 

P14 

P20 





72 

.1316 

.062C 

.0125 

*oin6 

.0089 






*0624 *o\?f . -alo^ 

• 0633 »0)30 »0U2 

• 0647 __.0132 .*»)U5 .. 

•0666 .013d #0116 

T7? •Dl4j> 


»UN 4652 




NaSA C«?«ITEJi/TfiKK TtST 


VON kak/^an gas c^^A»-Ics Facility 
MYP trtvetOCi J T WIM) tunnel r 

VA291-21FA JANUARY 1974 


PROJECT E<yGINEEF D.R. hAa£RHAN 


fiOK 4652 


heaT^tpanSfer Fate t&ri /f tj-tSfo 


MEAT-TRAKSFfR OATA 


BS 

gl 

P 




g 

?3 


g li 

/ J [ 




1 1»E 

Cl 

C2 

91 

05 


06 

li9 

72 

?7,6773 

23.27?5 

i \ .04*7 

4.S77A 


.5721 

.4587 

75 

8.?*1331 


12.64P9 

5.4305 


.6070 

.4913 

78 

A5.21 74 

31.3'C3 

13.‘*4‘^8 

5.6?00 


.6438 

.8293 

PQ 

(^5.5551 

20.‘>??0 

13.74*8 

. 5.»n2S 


.6770 

.5575 

90 

62,b*5C 

19,33 7s 

13.0172 

5. .3153 


,6798 

.SS>i3 

120 

S7,2?46 


_1 1 .3546 

4.4545 



._ .50*1 

TIhE 

Gib 

_ on 

yl ft 

019 

■>20 

021 

0?2 

72 

.9716 

U0837 

33.6244 

3«n?7 

1.2479 

U5310 

.7791 

75 

.ecifs 

1.1226 

3r.:>309 

2»9314 

1.3445 

1.5233 

.7979 

70 

.7412 

1.1^13 

29.7«i7 

3.0622 

1-5601 

l.S*7S 

.96*5 

80 

.7737 1-1 _ 

,29.basi 

3.?505.._ 

,1.6553 

__ 1.7025 . 

1.0978 

SO 

.5118 

.9; n 

24.7776 

3 . ?3Sl 

1.7‘*41 

1 .8«89 

1.3245 

.120., 

.5346 

.7616, 

,22.58?0 

..„3-0S3ft . 

1.9475 

. .2.2013 

.1.5760 

TI^E 

031 

032 


C34 

035 

036 

Q37 

72' 

.5i2S 

.9396 

.7no 

.4093 

.3S51 

.2967 

♦ 0542 

75 

,5?75 

.B961 

^ •,,034 

.4161 _ 

._.405S 

.3310.. 

*0672 

78 

• 5511 

.695* 

.bn?i 

.4932 

.4336 

.3760 

.0775 

80 

.5689 

.6639 

.b7?9 

♦ 5145 

.4606 

. .3893 

♦ 0836 

SO 

• 5094 

.6423 

.0500 

.4864 

.4804 

.3840 

.0947 

120 

... 


« 6^07 

.4615 

.%735 

.3776 

.1122 

Tii'e 

0*4 

0*5 

U4* 

047 

<148 

0*9 _ 

Q50 

7Z 

.4804 

.4?10 

O4S0' 

' 5.5859 

1 .6078 

1-1561 

1.3®85 

75 

•4cr« 

. .. •4133 


5.R837 

1.7262 

1.3738 

. 1«4068 

76 

.4661 

.4119 

.2776 

6.?iea 

1 .4Sf,0 

1.4405 

1.4350 

FO 

.4*07 

.4086 

.2706 

6.3302 

1.3'795 

1.4848 

1 .4678 

SO 

.♦lez 

.3480 

•Z367 

5.7562 

1.2990 

1.3746 

l#30^1 

120 

«*s<»a 

*2446 

•ZP«L. 

4.4545 

_IjJ1.472. 

Jj1240._ 

_ a«26ia 

Tl^E 

057 







72 

75 

78 

40 

128. 


.6*10 

• 70Od .. 
*7743 

^416 

• 83«0 
%0992 


01 n 


G12 

013 

1 4 _ 

. _ 

,4044 

.1874 

.1716 

.3756 

,4575 

.2701 

.4165 

.1991 

.1733 

. .3006 

.4198 . 

.2605 

.4501 

.2125 

.1815 

.2834 

.411 1 

.2745 

.4693 

.2372 

♦ 1 84V 

.2714 

. ,3907 

.2889 . 

,4*1*; 

.2439 

.1772 

.1919 

.2264 

.2925 

„ .4662 . 

.2606-. 

.1600- 

.2009. 

.2108- „ 

-.2383- 

0?3 

(J24 

026 


029 

030 . 

.8576 

.9764 

.nC47 


.3305 

.4344 

.9671 

1.1182 

.8760 


.1155 

.3346 • 

1 . 14A4 

1.271H 

.0335 


.3092 

.3354 

l.3i07.„ 

a. 3133, 

.9887 


.3145 

.3584.. 

1.4922 

1-2734 

.8730 


.2654 

.2748 

1.3985 

1 . 06 1 8 

.5709 


. .2327 

.2335-. 

038 

U39 

04 0 

041 

042 

Q4J . . 

.2953 

; .2022 

.9368 

1.7262 

.6263 

.5812 

,Z022_ 

.1851 

.... .862V 

-1.7o52- 

.5887- . 

.57 0 7,-. 

-3022 

♦ 180] 

.8411 

1.7351 

.6057 

.5960 

*?984 

.1792 

.8027 

1.7522 

.6315 

.6057 

.260? 

i .1541 

.5792 

1.5139 

.5226 

.542/ 

.2164 

• .1243 

.2981 

1.3053 

.4536 

.4168 


G52 , 

053 _ 

054 

G55_ 

. 056 

1.1724 

2.61B9 

2.3112 

1.2205 

.6165 

.3058 

1.2158 

2.9202 

2.4688 

1.3033 

.6931 

*3243 

1.2897 

3.0216 

2-5548 

1*3674 

.7366 

*3492 

1.3270 

2.9929 

2.5901 

1.4052 

.7737 

• 36a9 

1.4145 

2.7o76 

2.5959 

1.3225 

.7463 

• 3851 

1.2949 . 

^•U25- 

.2*1061 

— 1*^929 

^6628 — 

-3626- 
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RUN 4652 



AEOC AFS* tens, 3?3>19 

VON GA5 DYNA'^ICS FAClLiTt- 

KYPcHVELOCnT 41NU Tunnel f 


SA$4 C^^c-nEH/TASK HEiTlNC- TtST 


VA?Sl-2irA 


JAMJAPY 1<?74 


RUN 4652 


hEAT-TMAKSFER DATA 


PROJECT ENGINEER ^ABERMan 


hEAT TRAsSrEP CaTA (0 / 00) 


TT^e 

r,| 

02 


72 

Ulf'JS 

.4111 

.24-2 

75 

1 . 2 0 1 4 

.4r?5 

* i A 4 5 

70 


.3^04 

• 2464 

SO 


.3678 


90 

U1300 

.3493 

.2459 

1 ? 0 

Ul<?5i . 

.27C1_ 

.2?31 

TIvE 

OI6 

U17 


72 

. 0 H 7 

• 0?20 

.60^0 

75 

• C)6<j 

• 0?17 

• 5^>3 

78 

• 0 1 44 

.o?U 

.5**40 

SC _ 

...0136 

.0306 , 

. •5218 

00 

.0/^92 

.Oita 

.5198 

... 12C 

... .:iQ3 

.. . .0147 

. .‘*360 

TIvE 

C3l 

U32 


■ 72 

.010* 

.0191 

.0U5 

75 . 

.,01Q2„ 

..0173.. 

.0142, 

78 

• 0101 

.0164 

.our 

SO 

. *0100 

.. .0152 

.ul53 

90 

.0^92 

• 0116 

• gU5 

. - 120 . 

. . .0080 . 

.. .0112 

.0164 

Tl«-£ 

C A 4 

OaE 


72 

• Co97 

• 0485 

. 0 4 2 

75 

.0089 

. .0080 

. U0S6 

70 

• OrHfe 

.0675 

• U09 1 

80 

,opai 

.0072 

.0040 

90 

.0075 

• 0066 

.0043 

V<o_. 

.po7^_ 


j* 00,4.0. 

TI4E 

CE7 



72 

.0132 



75 

.0130 



78 

.0142 




05 


, 00 

*^39 

010 

Ull 

Q12 

n028 


.0116 

.0093 

.0082 

• 0038 


i 050 


.0117 

• 0095 

• 005»1 

♦ 0038 

.0033 

1 030 


.0)18 

.0097 

.0083 

.0039 

.0033 

1020 . 


. .0119 . . 

.009a 

.0082 

.0Q42 

,0032 

n96fl 


.0123 

.0101 

.oo«o 

♦ 0044 

.0032 

D®60 -- 


.0120 

.0097 

.0090 

..00&2 

_ _.no3 1 - - 

019 

«20 

0 ?l .. 

. Q22 


U24 

Q?6 

ft63S 

.0252 

.0310 

.0158 

.0174 

♦ 0)98 

• 0163 

f)567 

• n260 

.0595 

.0154 

.0187 

.0216 

• 0169 

0S61 

• 0266 

.0284 

.0177 

.0210 

• Q233 

• 0171 

i057l 

.0296 

,,.0299 

.0193- 

- .0230 

.0231 

.. . ,01 74- - 

iOS49 

.0315 

.0327 

• 0239 

.0270 

♦ 023o 

♦ 0158 

■ n59r 

.0376 

•0425 . 

.0304 

.0270 

-0205 

♦ nl 1 0 

Q34 

035 

036 

037 

038 

U39 

040 

‘0083 

.0072 

,0060 

.001 1 

.006^ 

.0041 

.0190 

,0060 

• 0078 

.. « 0o64 — 

-•0013 

.0055 

.0036- 

.016? 

.no'^o 

.0079 

.0469 

.0014 

.0055 

.0033 

• 0104 

i009o 

.0081 

. .0068 

.0015 

.005? 

.0031 

.oUl 

► 0008 

.0097 

.0069 

.0017 

.0047 

.0028 

.0105 

»0089 . 

.0091 

.Cn73 

.0022 

.0042 

.0024 

. .0058 


^ Q4? 

• U33 

• U38 , 

• 1140 

• IIU .. 

• 1040 

_*Ol0<lO 


O4O 

• 0?3* 

. «0?66 . 

• 0261 
• 0246 

. *D21Z — 


_ W52 . 

• 0572 
•0565 ■ 
.0554 

• U526 

• 0459 
_^040B- 


029 

• .n067 
.0061 
.0057 
- *0055 
• 0048 
.0045 


055 - 

• 0125 
.0134 

• 0135 

• 0136 
.0135 
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RUN 4652 



AEDC ahkClI Tr*.., 

VON GAb Cr^A‘-I':S ^ACIlITY 

HtPE'^VfL^CI Tt <,JMJ iijNNh'L f 



Na$A OPcnER/TA^K m( 

>11%,-; TtST 

VA?91“'21Fa 


January 

1974 


PW;OjECT' ENr, INFER D.R. 








^^u^ ii653 








- 

— - -- 

-- 

- • - 

test CCIVCI 

TIONS 

“ 



__ . . . 



A^^PMA * 

0 







TJ- 0 t 

ST-0 

BASED ON ,500 inch 

RADIUS 


P^-lj=37 

.50 









model length a 

32.636 

TtpE 

■ p-ur 

PhO*^INP 

(-1NF U-IKF 

M- INF 

O-lNF 

RE/FT 

PO 

TO 

mU 


00- BTu/ ST-0 

PCP 



P Sj A 

_ T? , 

R._PJ/S£C_ 


-_PSIA 

_XlO-6. 

PSlA . 

ofg R 

_ tsTU/LBM -- 

FT2-SEC _ _ . _ 

.... RSI A 

in4 

*002090 

a. 266-^5 

66*1 6577 

16. ?3 

.385 

.320 

2750 

32)4 

8.603E 

02 

32. 2R .0796 

.714 

iio 

.00192C 

7.4U — S 

67*7 6675 

16.3? 

.356 

.284 

259S 

3301 

9.U65E 

02 

32*24 .0844 

• 660 

120 

•001916 

7.05£*n5 

71*0, 6745 

16.05 

.346 

,, .261 

2396 

3366 

9.260E 

02 

32. 6A ,0068 

---,641 

■ " 1?5 

.001882 

6 , 76E^r5 

7^>.7 6797 

15.09 

.337 

.246 

2308 

34)4 

9.405E 

02 

33.32 .0099 

.624 

128 

.00)799 

_8.ni-': 5 

76.2 , 69.55. 

15t99. 

^ „.322 

.219„. 

.2253 - 

. 3559. 

_9.B*7E 

02..^ 

„.a4.45 •09*4.- 

,.^^597 


ppcssupr data 

' P^iE:SSJoE CaTa (PS1A> 

Tl^r P8 Pl"4 P20 

):* .* 1075.. .0^^35 .0J09 .»C-087, .0071 

no ,c^u ♦OAaa .oio^ *vor3 .oo67 

120 .0^<;o .046^ *009v.. .*0079 ...t0063 

125 #0^94 *0499 .0090 *0076 *00M 

, i?B j_0A9^4_ *0093 •007A..,„*0059 

P9pSSUO£ OaTa (PRESSURE / POP) 

tr^E Pa P6 P8 . PU P20 

inA *15^6’ *0750 *0153 #Vi22 *0099 

no *^]^72_ ^07A*> „.,^0I5 a *J)125„.01D2 

120 *1545 *075<S *0I5a #0l23 .0090 

las ,1592 .OflOO . *0153. .0122 .0097 

128 *1616 ,0829 .015o *0l2A ,0099 




i 


22 


PUN A6S3 



REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 


NASA rEAllr . t . 


/iCuC A '^ nClC aFS * tf . mN . 77 ^ 8 ^ 

v ^ f . CY ^ A'^ICS f/'ClLlTY 

-YFtHVFi^ncI I r «*lNn tUNNFl. F 


■^ a ? SI * 21 F A 


JAf,'iA‘^Y 1974 


Ff < 0 jECl tNGlNEcF U , F * bABL-HAN 


PUK 4#^S3 


hpaT-Tp AnSFE^^ fate ieTU/FT2-SFO 


_ __ Cl 

104 ' 36 , e ' ri 3 *' 
110 36 * 7=85 

‘ 120 ' 68 

1?5 39.0735. 

‘ 12 fi 40*3122 


_ 02 ^ 
9 ; 2 E 53 
9. 0606 
9,0^36 
9.1989 
8*9947 


'^6" 


-Ql'7- 


01 _ 
“7*4766 
7*6'^97 
7*d094 
7*dl?6 
•■^*2147 

■ gip ” 


^5 .. „ 
"2*76«r 
?*7nfi5 
2*7611 
2 * P 554 
?*9?87 

"" 019 


Q20 


1 Q4 

.3874 

*5718 

17*34-?9 . 

2*1306 . . 

1.3235 . 

1 10 

• 3F18 

.5655 

16*0^01 

?*1603 

1 .i7«4 

120 

.3923 

,5947 


2*2360 

1.4252 . 

"125 

■ *4P32 

.6265 

15*3616 

2*2939 

1 .4995 

V 21 

*4fl?9 

j96l5_ 


2*3946.. 

. 1 .5B49._ 

IIME 

C3l 

'332 

VJ33 

034 

iV3? 

104 

"* ,2841 

.3609 

.6004 

*?997 

.2606 

no 

,2757 

.'3482 

.. *5604 

.. .2966 

.2837 

’ 120 

.ZfOt 

.3170 

• 54P0 

*?94l 

.?89? 

125 

,2ft99 


.5669, 

*2951 

. .• E966_ 

128 

.2774 

.3306' 

.5777 

*3032 

.3066 




heat - T « 4 KSF£W data 


DA _ 

*4U^ 

.4111 

*4117 

*4229 

*4341 

o?r“" 

1*4042 . 
1*4463 
1.4605 
1 * 466? 
,1.5U2 . 

036 
.1775 
.. .1692 
.1748 
__*1733_ 
*1797 


09 

_ (11 r> _ 

VJJI 

012 

.^Q13 

,014„ 

3325 

.1711 

.1707 

-1192 

,1098 

.1646 

3241 

.1700 

.1757 

.1225 

.1098 

.1S96 

3312 

.173? 

.1662 

,1245 

.0980 

.1536 

3432 . 

.1760 

.. .*1932 

.1283 

.0973 

. .1599 

3569 

*1B?7 

.2075 

,1340 

.0999 

.1608 

022 

023 

U24 

' 0?6 


029 


.1 *0911 
1*0933 
1*0596 
1*0996 
1.1167 . 

0 37 
*0366 
*0413 
*0425 
_-*0 437.„ 
*0452 


044 


Oa5 


.... 104 .. 
no 
120 

.2615 

■■*2499 

*?35i 

.1711 
• 1661 
.1601 

12^ 

.. .126... 

Jl^t 

104' 

no 

.2333 

057 

■ .4681 ■ 
,4419 

.1616 

.1676 

120 

.4215 


i?s 

.3967 


128 

”.4129 




U46 

1542 

15?2 

1537-. 

16]6 

1680. 


047 

2««?46 

2 . 70 B 5 

^2.*5660. 

2*4835 

.2*5497 


048 

.5577 

.5482 

„.5424. 

.5498 

*5651. 



.8845 

.8625 

-5553 
*B664 
. .8958 - 

038 

.1420 

*1403 

*1405 

-.1444- 

*148? 

051 

- .7671 
.7910 
^8267- 
*8564 
*B958 


*6908 
*6633 
*6433 
*6731 
, . 7063 

039 
.0767 
.0748 
*0745 
_.*0760 . 
.0786 

052 

1*4163 
1.3446 
-I*349i . 
1*3752 
1*3926 


.3666 
.3643 
*3654 
. .3782 


♦ 1403 
*1392 
*1369 

• 1443 
*1516- 


^ QI5 
.1305 
.1319 
. 1251 
.1266 . 
.1309 

" Q30" ' 
*0b54 . 
i 0603 
.0721 
.0666 
_* 0643 - 



Q4 1 

T42 

043 . 

1969 

.0346 

.3164 

.2582 

1 967 

.fa093 

.3163 

.2563 

1699 

*7809 

.3068 

.2524 

,1632— 

,7902 — 

. ,3070- --■ 

-.2599. 

i1636 

.7959 

.3103 

.2687 

Q93 

US4 

055 

Q56 


l * 39 tj 9 

1.1889 

1*3070:. 

1*3063 

1*3363 


.7263 

.7094 

-.6895- 

.6098 

.7063 


-4395 
.4374 
.4313 
• 4347 
*4S1I 


.2437 - 
« 2402 
-♦24ld- 
*2466 
*2550 
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AEnC INC*) 173H<^ 

_ , VIJN k^hkan ga^ C'^^AMlCS FaCIlIT^ , . 

^ - HYP£R^P|^OCn^ Y#lNO TUNNFU ^ 

NASA ORdllEfi/TAhK h£ATlNG ^tST VA29i-2lF4 JANUARY 197^ PROJECT ENGINEER O.R. )-ABERHAN 

Uv\ 


HEAfTHANSFEM DATA 


hEAl TRANSFER CATA iO / 00) 


T 

1 *'4' 

no 

170 

175 

178 

>:i 

1 ,'lioo ■ 

1.1650 
. 1 .ll?t .... 
1.1700 

u2 

^2^5a‘ ” ■ 
.2-*10 .... 
.2780 

.2761 

.2fcU 

.2316 
.23<^0 
♦ 23R0 
.2345 
.2300 

^"*0n57 
. OR40 
.0045 
.0057 
.0050 


1" 

.0127 
.0127 ... 
.012* 
.0127 
.0126 

09 

.0103 

«Q101 

• out 

.0103 

• 0104 

0) fl 

.0053 

.0053 

.0053 

.0053 

.0053 

on 

.0053 

• 0054 
.0057 

• 0058 

• 0060 

- Q12 -- - 
.0037 
. .0038 - 
*0038 
.0038 
.0039 

. 013 - 

.0034 

.0034 

.0030 

• 0029 

.0029 

014 
.0051 
- .0050 
.0047 
• 0048 
.0049 

015.. 

.0043 

- .0041 

.0038 

.0038 

.0038 

TlPt- 


^an 

" u \ fi 

U19 

020 

0?l 

022 

023 

U24 

Q?6 


Q29 

Q30 

\ C 4 

• 0 1 20 

.0177 

.5372 

.. .0660 .... 

.0410 . 

.0435 

.0338 

.0274 

• 0214 

• nils 


- .0043 

. 0026 - 

110 

• 0118 

• 0175 

.49P1 

• 0670 

*0427 

• 0449 

• 0339 

.0268 

■ .0206 

• 0114 


.0043 

.0025 

120 

• 0120 

• 0182 

.4678 

. .0685 

•0436 . 

. .0447 .... 

.0324 

.0262 

.0197 

.nil? 


---•0042 

• *0022 

125 

.0121 

.0188 

♦ **61 0 

• 066 R 

. Ai:ac 

.04^0 
. Ch60 

035 

.0440 

....0439. 

ni6 

• 0330 

*03?4 

.0260 
.0260 . 

.... <538 

• U202 
m020%- 

• OUD 

0(\\ 10 — 


• 0043 
.0044- 

* 0020 

.0019 

120_ 

Ti^e 

f JJl.I** 

G31 

. *on2 

U32 

j33 

^._-*0a7 3 

‘^36 

037 

^39 


041 . 

.... Q42 

... 943 

lo* 

* 0068 

.OUR 

.0186 

• 0fi93 

.00H7 

.0055 

• oon 

• 0044 

.0024 

.0061 


.0098 

.0080 

1 1 0 

* OOPS 

.0108 

.oUO 

.. .0092 

.0309 

. .0452 

.0013 

• 0044 

.0023 

. . .0056 - . 

.0251 

. .0098 

.0079 

120 

ns_ 

i?a 

' .0082 
,0fl9L 

♦ 0097 
.0096 _ 

.w172 

..0)70„ 

• 0090 

.0009 

.0088 
*0089 

.0054 
.0052 

.0013 

.♦0013 

• 0043 
*0043 

*0023 

.-•0023 

• 0052 

,0049 

.0239 

-.0237- 

*0095 
,0092 

.0077 

*0078 

.0081 

.OflT96 

. J 1 60 

• OO0P 

.0089 

• 0052 

.0013 

• 0043 

• 0023 

.0047 

.0231 

.0090 

.0078 


C 44 

04E 


Q«7 

Q4ft 

O 49 

050 

051 

4»52 

053 

0S4 

' • 055 

056 

1 t'4 

, Of'dl 

• 0C53 

. g 0 4 8 

...0875 

.0173 - 

..0191 

• 0244 

.023R 

• 0439 

• 0433 

.0225 

• 0136 

.0076 

lie 

' . 0077 " 

.0051 
n n 4 Q 

• 0C47 

_.0047_ 

.g049 

• 0040 

#(^765 

*nl7o 
.•,0166 

*0189 

*01.87 

• 0244 
.♦024S- 

.0245 
.0253 

• 0417 
- — .4)413- 

•0421 .0220 

.0400 U2M- 

.0136 
^0132- 

.0074 

— .00 w 

.. 120_ 
125 



*0070 

^ 

.0049 

.0745 

.OUS 

• 01 0B 

• 0238 

.0257 

< .0413 

.0392 

.0207 

.0130 

*0074 

.. 

♦ cn69 \. 

.0049 

• 0049 

. .0740 

.0164 . 

• 0188 

• 0236 

• 0260 

• 04Q4 

.0388 - 

• 020 s 

- •oni 

- .0074 

Time 

124 

1 1 rt 

057 

.0145"“’ 

.0117 

-- - ■' • 










‘ 





170 .0U% 

J2S . .,on> 


126 «0120 
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RUN 4653 



nffSITf R/TAKK HEATiNr; TEST' 


AEDC lARO. INC.) AKNClC aKS* ICnN. *j7389 
yiON Kah«AN gas ty^A^ICS fACl*-lTYl„_ 

HYPEwVf Lfj^ j I Y kIN[) p 


VA?91-Z1FA 


JANUARY 1974 


aupha = 0 

PHi^ 537 ”50 

-Tywr” 'P-IKF PHO-InF ■ 

P S^A ^ R M / 

6.09£-/)5 
5.58£-fS 
SoUE-^iS 
A.SlE-nS 
J.9^-nS 


ICO .or^HA^ 

no ' .00 n7&‘ 

.l?0 ,001 T4S 

130 .OOUT?’ 
160 .O QM/j 


'^PES$U»e OflTA (PSIA) ' 

P* pg — 

... IQO ,..l ,0477 

no . 1 160 .0475 

_ 1?0 * I Ops# *0460 

130 *10*^1 *0446" 


r-iNF' 

U“[NF ■ 

■ M-InF 

0-Il<F 

9, «„ 

-fJ/5EC, 



— PSIA, 

74.9 

8S56 

19.83 

.481 

8?.8 

8860 

19. 5* 

*473 

88.8 

- ’106 . 

19.38 

.. •459. 

97.2 

<J466 

19. 26 

• 435 



19.06 .401 


. _. . 


P 


PUN 4654 

Test ccNci TioNS 


Wt/FT PO 
^0-6_..PSIA„ 


f*«OjECT ENGINEEP 0,P. HA0EPMAN 


U-Oi ST-0 -BASED ON *500 INCH RADIUS 
HOOEC length ■ 32.63$ 

TO hO 00- 8Tu/ 

-Peg j ? — a iu/lbm tJz-secL, 


ST-o 


• 2S9 

• ?33 
•205 
•iTl 


POP 

-PSIA-- 


10525 . 50S6 1.481E 03 70. le 

10108 540? l.bSae 03 75,96 

- V$3l. S697-. 1.678E 03 80. lo 

lytl 0^ 05.78 

-64LT- .ltJt99E.ja3 -S6..9A _ 


.0999 

.1055 

auo 

.1197 


.€96 
.861 
.855 
• 812 


~P\T~ 
0145,.. .uln9 
0140 .ul05 

0137 ...0103 
0130 .0096 


—14 0 ,.0418 ,0.U9_„..ioa9 

(PRESSURE / HOP) 


P20 

.0078. 

.0076 

.0075 

.0069 

.0064- 


live 

R4 

P6 

P0 

100 

. 1 300 

.0533 

.0162 

UP 


-.0539 


120 

.12J3 

• 053H 

.0160 

- no. . 

.1?95 , .. 

-•0549. 

. *0160 

160 

.1302 

.0560 

.0160 


P14 
»ul22 
.,.i^LL9. 
• Ul20 

•one . 

.0119 


P20 
.0087 
-.0086.- 
• 0086 
• 0085 
.0085 


PRESSURE data 
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AEDC (AftO* INC.) AHnClC AfS, T€nN. 37! 

VON KaHMAn gaS CthA-^lCS FAClLlTt 

HYP£RVEL0C1 1 V wtnO tunnel f 

NASA nRBIlER/TAKK HEATlNr, TEST ' VA?91-21 Fa Janua«Y 

RUN 4654 


heat-traksfer data 

HEaT-TRANSFEP fate <eTU/FT?-SEC) 


tike 






OB 

09 

__ 010 

TOO 






1.1795 

.9670 

,7«54 

no 






1.2534 

I.oo^o 

.6695 

120 






1.3"|5 

1.0797 

■ «73I 

130 






1.406B 

1.1666 

.9806 

160 






».3<»16 

1.1344 

.90«1 

— TT»<e 

u ] 6 

Q17 

g| a 

Qi9 

Q20 

021 

022 

0?3 

,100, 

1*0784 

2.0766 

24.9R09 

.5.6826 , 

4.2795 . 

3.3675 

, 2.4414 .. 

1.8669 

no 

l.n?/ 

3.2541 

24.3074 

5*9249 

4.5471 

3.553? 

2.5599 

1.B990 

. ...120 


2*3375 

24.10^'J 

, 6* 5 424 

♦.5753 

3.4869 

2.6551 

1 *9080. 

130 

1.U09 

2.4088 

23.26'^8 

6.9186 

4.93R2 

3.4569 


1.9*10 

160 

1.048d 


21 • 7444__, 

5. 81 81 

.4.3^96_ 

3.3AU 

,, 2.412B_. 

. 1.76*1., 

Tike 

<i 20 

031 

u3? 

033 

Q34 

035 

036 

037 

ICO 

.b|62 

.5682 

-«337 

1.3709 

.8559 

.fl?3? 

.6349 

.365* 

110 

.6P92 

.6229 

.9086 . „ 

1.4B69 . 

.9626 

.9077 

. *9346 

. .4402 - 

120 

.7110 

,6607 

.6722 

1.4975 

1.0122 

.9551 

.9673 

.4597 

130_ 

. 7P49 

,7034 

.9176_ 

_1.4983_, 

,1.0 44 3 

,1.1666 l»0Q9B..- 

_..5l95 

' 160 

.e?5o 

.7393 

• 669B 

1*4177 

1.0375 

1*0212 

1.0606 

.5o«l 

- TIkT 


Q44 

U49 

Q46 

047 

049 

050 

051 

- -..loo . 


.5)99 

*5746 . ^ 

*6469 

4.1469 

1.79S^ 

1.9176 

2.5256 

no 

.?P?4 

.5278 

<6048 

.7167 

4.1542 

1.7944 

1 *9666 

2.5555 





.5447 

*6424 

. .* 74 46 

3.9525 

. 1*7604 

__2<0024 - 

2.6767. 

130 

.8377 

.5759 

• 7 043 

•8131 

3.6498 

1.7511 

2*06SB 

2.7676 

1^0. 

.8456 


.W520 . 

•8T85, .. 

3*4831 

l.«I46 

?.00?3 

2*6025 

Ilwc 

C=7 

056 







100 

♦ 7717 

.4877 







U_o 

♦7f97_ 








120 

. 7 667 

.4742 







no 

.7049 

.4608 







160 

.73/3 

.4700 









PROJECT engineer D«R* HABERHAN 


, oie 

.6774 ,5R63 

.7520 .5966 

.7966 .75ba 

.6761 «BOao 

.6705 .e06ti 

U24 025 

U4363 . l.?503 

1.4053 1.7961 

1.3937- 1.7495 

1*4298 1.7689 

1.3568 , ^1.1674 

03b 039 Q4Q .. 041 .. , 042 

.5o5o .3546 b5602 2.1956 1.0348 

.5992-. .4096 .5626 -2.3396 -1.1541 

.6016 .4446 .6111 2.4044 1.2317 

.6523- ... .4585 .,6320 -—2.5298 1.29B5- 

.6610 .4720 .6007 2.4304 1.2634 

052 053 ’ 054 

3.3731- 2.8062 ).9574 

3*2794 2.7020 2*00fi7 

3.3156-^2.9084^- 2.0706 
3*3369 2.8225 2*0792 

3*2223 . 2*6666 2*0421 


955 Q56 

l.\997 .7787 

U2S34 .7955 

^--1.27 36 .8466^ 

1*2959 .8463 

1*2622 *6487. 


.013 . - „ .015 


.5609 

♦ 6752 

.6457 

- .7140 . 

.7153 

.7235 

.7977 ’ 

- - .7634^- 

.8430 

.7741 

026 , 

Q29 

- .6462 ■ 

• 8000 

• 8B16 

.6728 

.8596 

- -.9659. 

• 8460 

1*0348 


— 1*U33^ 
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Run 4654 



AEDC (AWO? iNC.) AHSClH AFS* Tt*^No 37389 

yor^ KARMAN. CAb.CYNAHiCS EACILITY 

HYPEHVELOCITY tJlWO TUNKEL F 


MASfi‘73RHIT^H'/TAhK“KfATp^ft' T£ST' 


^/ a 291 - Z 1 Fa 


JANUARY U 7 A 


PROJECT engineer Oofto HA8ER«AW 


RUN AE 54 


_heAT-TRAN5F£R DATA 




P£aT 

TRANSFER 

CATA (0 / 

QO) 






i 

Tli^E 






na 

_ Q9 

01 0 

' ICO 






,0168 

.0138 

• 0112 

110 






... 00145 . 

.. .one ... 

.0114 . 

120 






o0l62 

.0135 

,0109 

no 






.. o0l64 . 

. ,0139 

,0114 . 

160 






.0160 

,0130 

.010<J 

: f 

OTS 

017 


rif9 

(^20 

02 i 

022 

023 

100 

.01 5o 

.0296... 

...•3561. 

*0810. 

.0610, 

.0480 

... .0348 .... 

.0266 

no 

.0150 

.0297 

o3?40 

o*>780 

• 0599 

.0460 

.0337 

.0250 

120 

.0140 

d0?92 

.jnio 

. .*0767 

.0571 

.0435 . 

. .0331 

,0238 

^ no 

.0133 

.0261 

.2713 

■© 0 7 6 0 

o0576 

.0403 

.0307 

,0226 

16_0. 

..0.U.L 

.0?54 

_?2.5d0_ 

•06«9. 

_„9Q506. 

.0399— 

.oarr 

0O203 

tl»€ 

<330 

w3l 

\ a 3 ’> 

•133 

034 

035 

036 

037 

100 

,0068 

' .0081 

.0119 

.0197 

o0l22 

.0117 

,0119 

.0055 

no 

^ .0091 

.0022 

, oono 

©0 1 96 

... .0129 

. .0120 

.0123 

.0058 

120 

<, or.39 

.0082 

.01 09 

0187 

.0126 

.0119 

.0121 

.0057 

130 


nOoe? 

_o.0J 0l 

-*0175, 

o0l22 

.0136_ 

©one 

..♦0061.- 

' 160 

♦ on'96“ 

.0085 

.OlOQ 

♦ 1)163 

.0119 

.0117 

.0122 

.0058 

- tlKC 

C43- 

Q44 

U45 

046 

047 

049 

050 

051 

loo 

...>0108 

.0074 .. 

...O00P2. 

... o0092. 

... oOS9l. 

,. .o0?56 . 

.... ,0273 . ... 

,0360.. 

no 

.0103 

.0069 

« UOPO 

®0094 

.0547 

.0236 

.0259 

,0336 

120. 

.0102. 

_..tOneg 

„ > 0J)°D_ 

*0093. 

„_o3493 

.0220 . 

..,0250 

.0336 - 

130 

.0098 

.0067 

oOOP2 

o0095 

o042S 

.0204 

.0241 

.0325 

1^0 

cOQ9r 

.0068 

.4 0086 

.. 9-om. 

©0400. 

.. ..^0166 . 

. oC230- -. 

.0299 

T1»^E 

C57 

058 







100 
1 1 0 

■'•Olio 

.0101 

.0070 
.0065 _ 







120 

.0096 

.0059 







.... 130 

. .0091 

•0054 . 







160 

.0085 

.0054 








UU 

(512 

..013 

Q15_ 

,0097 

.0095 

oOoeo 

.0096 

.. .0099 

,0092. 

oOoes ... 

- .0094 

.0099 

.0094 

.0089 

.0090 

..0102 

,0094 . 

.0093 . .. 

-♦0089 

• 0100 

.0093 

o0097 

.0069 

024 ‘ 

Q25~ 

'"'026 

J29~ 

. . .0205, 

.... .0178 

..0121 --■ 

*0114 

o01«5 

• OlTl 

.0116 

.0115 


g 0 ^<^ 

oUlt >7 
*0156 . 

U38 

.0072 

o 0079 

o00?5 

_^007b„ 

o 0076 

ys 2 

o I 
oOA 32 
.o04l6 
.0389 
.0370- 


. o0lS6 . 

p 0148 

_.a0l34_ 

039 

cOO^l 

ortOSA 

o0086 

_^ 0 OS 3 - 

oOOSA 

OS 3 

- oOAOO 
p 03 S 6 
_«0363- 
oq 329 
. o 0309 . 


-.0107 

.0099 

-^0082- 

040 

oOoeo 

o 0074 

<,0076 

-♦ 0074 - 

o 0069 

05 A 
- o 0279 
o 0244 
- o 0 ? 59 - 
.0242 
o 023 S 


.0121 . 
.0121 
. 0 U 8 - 


041 

o0313 

,0308 

.0300 

_^029S- 

.0279 

Q55 

.OUl - 

.0165 

♦0159- 

cOlSl 

♦ 0167 - 


U 42 , 
.0147 
. 0152 . 
♦ 0154 
— 015i- 
.0145 


QS 6 
• 0111 • 
.0105 
. 0106 - 
,0099 
♦ 0098 - 
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*£ 0 C 4 A« 0 t INC.) AHkClC AFS* TCnN. 37309 

yO . N . HAfl »- AN _ GAS > CYKAHICS FAClUU : 

HYPeftVpLOCITY WIND TUWEt F 


* FfASA ' C « tITeW/rAkK >ieATiNG t^ST 


VA ? 91 - 2 IFa 


JANUARY 1974 


PHOjECT engineer O.R. HABERHAN 


PUN 4 E 55 



ALPH4 s 

0 


U-IMF 

FT/SEC 

m^InF ”0 

! 

. — TT»r 

Nsec 

PHlg=: 

' P-IKF ' 
OSf A 

0 

'■■RHO-INF ‘ 
LH«/f T*» 

‘ f-IMF 
UEr. ft 

92 

.000692 

1.97E-?^5 

9i.7 

«?18 

19.30 

96 

•000663 

I.94E-nS 

BQ.2 

«ni 

19.35 ' 

108 

.000663 

1.'>3E-<'S 

....^9.7 _ 

.. ’052 

19. i7 .., 

120 

.000619" 

1.7SE-(!5 

9(\.4 

90’3 

19. 18 

128 

.000599 

1.60E-05 

_9?.4 

91*2 

19. Q8 


fSESSUPE C*T*U»SI*)' 

. 



. , 


TEST CCnCITIONS 


PC 


Q-Of S7-0 BASED ON ...500 INCM RaOIUS. 

hoOEL length ■ 32.038 


TO 


HO 


OO- BTii/ 


P^IA « 1 C-6 PS I A OEg ji B I u/LflU EJ^-^EC . 

.181 
.174 
.170. 

.159 

• A 5 X . 


ST*o 


POP 


4150 

3985 


• 07Q 

• 077 

.074 
•070 3S25 

332i 


5905 1.720E 03 

5780 X.680E 03 


3721 5715., 1.956E 03 

5748 1.674E 03 

-5827. 


51.78 .1797 . .337_ 

49.36 .1805 .324 

- 48*l3 .1807 .318- 

47»06 .1800 .297 

».992£. . Q3 • 68 -285 


pressure data 


— rr^r^ 

~^r- 

P6“ 

■p8 

■plo' 

"Pi 2 

9? 

• 0614 

...*0249 

... .007&. 

• 0065 

.. .0062 .. 

96 

.0600 

• 0744 

• 0074 

• 0063 

.0061 

I08 

.0570 

,0?3S 

... .0071 

• 0060 

.0057 

120 

.0S?2 

.a?l8 

♦ 006b 

• 0055 

• 0052 

128 

•0492 

,,p?oo 


• 0052 

• 0040 

1 

tike 

P22 

P?6 

P15A 

Pl6A 

P17A 

‘ 92 

.OOP 7 

" .0066 

’ .0135 

.ul28‘ 

*01«9 

96 

.0OP2 , 

• 0062 

.. •0128 

.0123 

..♦0103 . 

108’' 

• 0078 

.0057 

• 0113 

•one 

.0177 

120 

• 0U71 

.0OS2_ 

•CM 03 

•JU3 

,0167 ^ 

128 

• 0067 

.0049 

*0C9tt 

• 1)107 

.0157' 


P13 P14 ' P i s' ‘ P16 P17 

.0075 ... *0094 .._*0l05 .. .0116 -.-.0151. 

.0073 *OOV1 ,0102 .0113 .0U8 

• 0068 .0086.... *0097.... •0109 ... .0144 

•0061 »0078 .0092 •0102 .0136 

.•0056 •01113 ^ Qftfl 6 . 8131 - 

Pi 

.3740 

.3564 

.3371 

• 3142 

.2854 


Pl8 PI 9 
• 06n2 -...OIOS 
.0575 .0104 

.0554 .0100.. 

•0496 .0090 

-^0456 • 8084 ^ 


P20 P21 

^^0111 .0088 . 

•0lo7 .0003 

-^OlOl . 0080 -. 

.0092 .0073 

__..a084 •006X- 


PRESSUor OaTa (PRESSURE / hC>p 1 


time 

? 2 _ 

96 
iro 
' 120 
.. 12B 


_.ie?4_ 

• i «53 
. 1^18 
.1791 

• 17?8 


P6 
>^574 
• 0754 
,.0739 
.0 728 
.0702 


■■ P8 ‘ 

.0728 

.0222 

. C 2 lrt 

.•02U .. 


PlO 

• 0192 . 

• 1>196 
.0190 

• U1R7 
. 1)193 


P12 

_.0164„. 
.0107 
• 0180 
.0175 
.0170 


P 13 

-. 0223 -. 
.0224 
• 0213 
.0205 
.0197 


P14 

>. 0279 ._ 

.0282 

.0271 

.0294 

.0255 


-V 

TIhE 

j>2? _ 

_.P21^ 

P15A 

P(6A 

Pi 74 _ 

Pi 


92 

.'fjiifl 

.0196" 

.0402 

.0302 

.1)56(1 

1.1115 


96 

..?I2«5 

• 0193 

. .039s 

•U38Q 

.0565 

1.1006 .. 


100 

.02*4 

• 0180 

. 035o 

• 0373 

• 0556 

1.0613 


120 

,,,.9240 

.0174 

• 0349 

• o30O 

• 0S«3 

1.0581 


128 

.0236 

• 0172 

• 0346 

• 0377 

• 0552 

1.0032 


P15 

P16 

P17 

PU 

Pl9 

P20 

P21 

0312. 

— 0344-. 

_*0448 

— .1788 

♦ 0313.-. 

-.0331- 

♦0260- 

0315 

• 034A 

• 0466 

.1774 

• 0323 

.0332 

• 0258 

0307 

.0344 

♦ 0452 

-.1745 . 

-0314 

.0319 

• 0253. 

0309 

• 0345 

.0459 

.1670 

• 0304 

.0310 

.0245 

0302 

• 0343 

• 0461 

• 1601 

.0295 

.0296 

• 0237 



gw 


If 

S to 

F a 


8 


K 

£ 


AEnC IA»0» InC») AHNCtC AFS^ TEn«p 3^309 
V«jN KA»<»"AN_GA5 OyKAMICS FACILITY. - 

MYPeRVELocnT ^1*^0 tunnel F 


H & ' OPe I T e RV F a AK *K£ NG T t S T 


VA2<3l-2lf A 


JANUAftV 197<i 


PHOjECT engineer OoR. HABEPMAN 


RUN A655 


HEA1-TRA^SF£« data. 


hEAT-TRAWSFEP pate IBTU/FTZ-SEC) 


TlP^E 

i? 

<56 

ua 

120 . 

128 


- 

- 

oe 

•Q 397 

. *^P67 

• ^749 
..,00540 ... 

• »245 

09 

.8200 
. .7693.. 

• 7469 
. o7429.. 

.7142 

: 

TTFT“ 

— (rp9 — 

O20 

021 

022 

02 ‘3 

b?4 

92 

.5-»95 

. .5160 .. 

• 4690 .. 

04480 ... 

....4072 

.. .3700..-- 

96 

• 4P9J 

.4650 

.4411 

• 3993 

• 3731 

.3399 

10® 

• ^790 

• A572... 

_ o41 0l .. . 

-0912... 

.3560 - 

. .3138 

' 120 

.4790 

.4438 

.4077 

• 3876 

• 3594 

.3175 

128 


.4279 

«i9o6.„. 

o369q 

_,o345S 

.3040 

livl 

039 

Q40 

U41 

_ ()42 

....<551 

...052 .. 

92 ‘ 

.5PJ2 

,5804'" 

' .5578' 

”’•5602 

.4228 

o4348 

96 

.55*0 

. .5590 . 

•S3?7„ 

.. .5327 

.-o3669.. 

....3850 

108 " 

.55Se 

,5519 

.5268 

.5391 

• 3720 

.3921 

120 


.5475 

^^5223 

a 5175 

•3131— 

_oJtT5 

A.fc. V,-^— 

128 

.5179 

.5155 

.5030 

o5063 

• 3571 

.3791 


o6«ll 

o63S5 

• 6278 

• 6U9 
•587a 


_012 

^^778 

• 5425 

• 5345 

• 5341 

• 5071 

""Q33 ' 
. • 6218 - 

• 5658 
•5659- 

• 5487 


"025 
^320B... 
o2RAB 
o2710 
• 2845 
^2664-.- 

^ 053 054 . 

•4164 a4380 

.•3751. * o3949. 

•3765 o3940 

.oXTJ^I 038^9- 

•3752 0^017 


• 6567 

• 6219 

• 6011 
o6055 - 

• 5585 

“034 
.^6598 . 

• 6463 
o6223 
«6032 

^o6o46 - 

055... 

• 3542 

• 3258 

• 3428 
^^446^ 

• 3422 


035 

-•6979 

• 6648 

• 6701 

• 6506 
-o6?05- 

Q56 

• 3260 

• 2947 

• 3085 

o32Z9 


„..0 1 5 
.6292 

• 5053 

• 5697 

• 5631 

• 5303 

036 

• 6255^ 

• 6170 

• 6271 

• 6333 
-^5655- 


_„016 Q17 _ 

•6377 p6085 

• 5935 .STll.- 

,5790 o5556 

,5705 ,5448-- 

,5390 ^5235 


037 Q3« 

• 3690 o66?2 - 

.3301 a6277 

• 3452 0634 ^ 3 - 

•3344 .6264 

• 3263 


. 057 
.3626 

• 3159 
.3827 

-^3555- 

• 3786 


058 

.4573 

• 4442 

• 4611 
-nr4S2+- 


,4388 
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AfOC (ARO* INC*> AHNClC AfS, 37389 

yOH KaRman 6AS.CV^AHICS fACILlTY ' 

MtPtH»^£LOClTY w{Nt> rUNMFL f 

ffASA Of^ailE«/TAM< heating T^ST VA?ql-2lFA JANUARY )974 PROJECT ENGINEER b*R« HaBERHAN 


RON 4A5S 








HEAT*TMANSFER oata 







heat 

1 * 

transfer 

CATA (0 

/ QO) 











7i»e 




qP 

U9 


Qlt 

512 

t)13 


015 

. 0X6 

017 

’ 92 




• oifll 

.0199 


• 0132 

.011? 

• 0127 


.0122 

• 0123 

• QUO 

96 



. 

.. .018D 

.0156. . 


• 0129 

• Olio 

. .0126 


. -.0119 

- .0120 

-- .0116 

100 




.0102 

.0155 


• 0130 

.0111 

• 0125 


.one 

.0120 

.0115 

,12 0 

... 



.,..0181 

.0150 „ 

. 

• OUl .. 

•om 

•0129 . 


.0120 

-- .0121 

- .0116 

128 




.ni77 

• 0153 


• 0126 

• OlOQ 

• 0120 


.OlH 

.0115 

• 0112 

■ TlVE 

519 

OT^in 

~2l 

022 

023 

0>4 

"625 

■ 033 

“ U34 

035 

036” 

037 

036 

92 

#010^ 

• oico 

*0091.. 

...•0087 

.... .0079.. . 

._.0o73. 

•Q062 . 

.0120 . 

..♦0127 . 

.0135 

.... .0121. 

.00?l . 

- ♦0129 

96 

• 0C99 

• 0094 

• 0DP9 

♦ 0081 

• 0076 

• 0 069 

.0050 

• 0115 

• 0131 

• 0135 

.0125 

• 0068 

• 0127 

1 00 

• 0100 

• 009S 

• #0095 

.. *0081 

.... .0074 ... 

. .0065 . . 

.0056 , 

.0118 

♦0129 . 

• 0139 

.0130 

. .0072., 

---♦0132 

120 

«0102 

• 0094 

• OOP? 

• 0082 

• 0076 

♦ 0067 

• 0060 

• 0117 

• 0128 

.0138 

*0135 

• 0071 

• 0133 

12» 

• 009tt 

• 0P92 

«Q0R4 

X00?9_ 

.0074 

_#0065 

.0051 

.♦0113 — 

• 0130- 

♦ 0133 

»012V 

.0070- 

.0125- 


tike 

0?9 

040 

U4i 

042 

051 

052 

053 

054 

(J5S 

Q56 

557 . 

058 

92 

♦ 0112 

• 0112 

• 0ln6 

• Olio 

• 0002 

• 0N84 

• 0080 

.0085 

.0068 

.0063 

• 0070 

• 0068 

96 

• 0112 

.0113 

•OlOB.. 

.0108 

.0074 

.. *0<»7« 

,007. 

• 0080 

• 0066 . 

,0060-.- 

• 0064... 

.0090 - - 

108 

• 01 16 

.0115 

*0l{v9 

.01X2 

*OOT7 

• OO0X 

• 0078 

• 0082 

.0071 

• 0064 

• 0080 

• 0096 

120 

.01 17 

.0JJ_6_. 

__x(UXl 

Q 1 XO 

.0079 


.0079, 

.jOfiaa 

,0086 

• 0073 

.0068 

• 0069 

^ 1 

^0070 


120 

• 0111 

• Olio 

• 0100 

.0X00 

*007« 



• OO0X 

• 0000 

• 0081 

.069* 
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A£[)C INCo) A^KCtr AF5- TE^N, l?3fl9 

_ VON kaWHan gas CYNAr^lCS FACILITY „. . . - 

- - hyP£wvelocity wino tunnel F 

N»S* ORbUEH/tAKK MEATlNr, TeST V4?<}1»21FA January irta project ENOlNetfi D.R. NAflEPMAN 


RUN Af56 
TEST CCNCIliONS 


A^PhA a 0 

PMl5= 0 


r— -TtBET" 

"P-INF 

RhO^^-TNF 

T-lKir 

U-INF 

m-inf 

■ 0-INF 

RE/FT 

PO 

psec 

^IjA 

LFU1/.FT3 

UFg r_ 

_EJ/sE^ 



PSIA 

,XI0-6 . 

,.PSIA 

76 

p002666 

9,74E-r5 

7 1 Q 5 

67S7 

)6o03 

.479 

o359 

3229 

’ ftp 

Q 002^32 

902U^/‘S' 

■ 7ao7 ' 

■'6846 

'"\5o09 

o465 

0 326 

3057 

87 

,0025A6 .. 

8669E«f5 

76 n 5 

69)3 

15.05 

• 640 

• 306 

2940 

' 96 

\bo2ft«A 

8o39E-05 

‘ 77o3 

6H99 

15o74 

• 431 

*202 

2739 

102 

•002439 


fl2o6_ 

.„707jL 

„15.62 

...o416. 

„ *257.. 

2610 

no 

oOC2352 

7o63£-n5 

070*4 

7222 

15050 

o 395 

*226 

2449 


PRESSURE OATA 


pressure OaTA 

(I^SIAl _ 



, — 



. 

..... .. 


tine 

Pa 

P6 

H8 

PIO 

P12 

P13 

P14 

P15 

76 

• 1266 

• 0482 

• 013 7 

,on? 

• 0179 

• 0189 

.(1190 

• 0106 

82 

• 12®5 

• 0*^05 

• 0136 

• 0116 

• 0170 

.0169 

• 0169 

• 0104 

87 

.12^7 

.0472 

00132 

• 0112 

.0)6P 

.0180 

.0182 

.OIT0 

96 

•1230„ 

_ .>0464 

_0Q13O.„ 


__.0165_ 

,•0177. 

.Ol7t_ 

_..0175_ 

102 

• 1195 

• 0453 

• 0127 

.0100 

o0l62 

• 0173 

.<1177 

.0173 

MO 

• 1121. - 

. 0O43O 

• 0121 


O01A9 

• 0161 

.0185 

.0101 

Tit^e 

P22 

P26 _ 

P15A 

Pi6A 

PITA 

PI 




76 ' •D^Ol •0152 *0lflT *0266 p03AO 

a 0H9 •019J_-0179 -026T - .o8330 

87 .Cl86 <»0T39 «0l9l ejl77 «0259 .8029 

96 tal®S „ -»0l3l *0198 oiil72 . o0262 ca77€2 

102 .0i"2 *0127 .0l8<^ o0l67 o0256 *7629 

110 .Gl72 o0l20 _ *0102 . «>Ul63 o02A8 07303 


PRES^^E OaTa^ (PRESSURE / HOP) 


Tl^^E 

P4 

P6 

PB 

PlO 

PI? 

^13 

Pl4 

PIS 

76 

• M?5 

.0542 

• 015^ 

• ul31 

• 0201 

.0312 

• 0214 

.0209 

02 

.1489 

• 0562 

0 0 1 5b 

• 0135 

• 0207 

.0219 

.021(J 

• 0213 

87 

.1514 

.0568 

. 0 1 6u 

• 0135 

• 0204 

.0217 

,0220 

• 0214 

96 

^154L 

.0501, 

_.016J 

• ol30... 

.0207 

•0221^ 

_^0225*^- 

-0219 

102 

.1547 

.0504 

.0l6t> 

• Ul39 

• 0209 

• 0224 

,0229 

• 0224 

.. no 

• I5?a 

• 0587 

• 016.* 

• ulis 

• 0203 

• 0219 

• 0225 

• 0220 

1 I#^E 

P22 

P?6 

PISA 

H16A 

P17A 

PI 



76 

• C2?6 

oOl 71 

• 0219 

og211 

• 0300 

.9385 



82 

•02?7. 


...•0224 , 

00207.. 

. .0309 

•9653 . 

, — — 


87 

• 0276 

• 0167 

• 0230 

• 0213 

• 0312 

• 9660 



96 

i0?32 

.0165 

• 0235 

• u2l5 

• 0320 

• 9746 



102 

• 02 36 

• 0164 

• 0239 

• 0216 

• 0331 

• 9876 



no 

• 0234 

• 0163 

P0?4tt 

O0222 

• 0330 

• 995? 





O-0« ST-0 

BASED ON 

•503 INCH 

RADIUS 




HOOEL 

length 3 

32.638 


TO 

HO 

00- BTu/ 

ST-0 

POP 




c T ■^-cET 


PS I A* 

_ _ 

^EG K-. 
3369 

nlU/Lb“ 

9.294E 02 

_r_j t 

30p66 

• 0739 

• 089 


3453 

9.b45E 02 

39.90 

.0771 

• 063 


3516 

9c?34E 02 

40.08 

• 0795 

• 830 


35o6 

9.697E 02 

39p13 

• 0009 

• 798 


. 3671 

icO20£ 03 . 

_... .40.9? . ^ 

.0046. 

-.A>772 


3812 

Io063€ 03 

4U9? 

• 0089 

• 733 

a 


P16 

P17 

PIS 

P19 

P20 

P21 . . 

0104 

• 0212 

<22671 

o0?48 

.«2T2 

• 0290 

0179 

• 0209 

• 2593 

• 0249 

.0267 

.. 00281.. - 

0176 

• 0203 

• 2449 

• 0239 

• 0257 

• 0271 

.0170 

o020Q 

•2402„. 

— o0?39 . 

.. .0255 

,0266 — 

016? 

• 0198 

o23l9 

• 0228 

0 0245 

• 0257 

,0158 

. .0i89 .. 

o 2040 

p07l2 

• 0231 

•o0239 


P16 

PIT 

Pl0 

P\9 

P20 

P21 

„07O7 

□ 0238 

• 3006 

.0279 

.0306 

• 0326 

.{!?07 

• 0242 

o3045 

• 0208 

.0310 

• 0326 

• 0717 

• 0245 

• 2949 

• O?07 

• 0310 

.0326 

• 0213 

•0250. 

• 3008 

-.0299- 

.0319 

•0333 

o02l6 

• 0257 

• 3002 

• 0?9S 

• 0317 

• 0333 

.0215 

• 0258 

• 2782 

• 0289 

• 0315 

• 0326 
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